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1.  GENERAL 

1  1  This  section  is  intended  to  provide  REA  Borrowers,  Consulting  Engineers, 
Contractors,  and  other  interested  parties  with  technical  information  in 
the  design  and  construction  of  REA  Borrower's  telephone  systems.  It  includes 
considerations  for  the  design  and  installation  of  underground  cable  plant 
(cable  to  be  placed  in  conduit  and  manholes). 

1  2  Additional  information  for  the  design  and  construction  of  underground 

*   cable  (physical  plant)  is  contained  in  REA  Form  515  entitled,  "Telephone 
Systems  Construction  Contract",  and  REA  Form  515d  entitled,  "Specification  and 
Drawings  for  Underground  Cable  Installation"  and  other  REA  specifications  and 
construction  practices. 

1  3  Underground  cable  plant  for  REA  Borrowers  usually  will  be  installed  by 
contract  from  plans  and  specifications  prepared  by  a  Consulting  Engineer. 
The  engineer  should  detail  the  following  information  on  the  Construction 
Drawings  as  shown  in  Figure  1. 

13  1  The  position  of  manholes,  and  building  and/or  pole  riser  in  relation 
to  streets,  roads,  buildings,  poles,  and  other  obstructions. 

13  2  The  distance  between  manholes  (wall-to-wall  measurement),  manhole  to 
riser  pole  (wall-to-pole  measurement)  and  manhole  to  building  (wall- 
to-building  measurement). 

13  3  The  conduit  configuration,  size  and  type  between  manholes,  manholes 

to  riser  poles  and  manholes  to  buildings.  In  addition,  the  drawings 
should  reflect  all  existing  and  proposed  cables  and  the  particular  duct  in 
which  they  either  exist  or  are  to  be  placed. 

1  3  4  Manhole,  cable  vault  and  building  cable  racking  diagrams  should  be 

provided  to  show  the  positioning  of  all  existing  and  proposed  cables, 
cable  stubs,  and  load  coil  cases.  The  racking  diagrams  should  also  show  the 
rack  position  at  which  each  particular  splice  is  to  be  placed,  the  conduit 
configurations  with  the  particular  cable  assignments,  cable  bonding 
arrangement  and  any  supporting  structures  that  are  necessary. 

1.3.5  The  Plan  should  show  exact  cable  (splice-to-splice)  cut  lengths  for 
all  proposed  cables  to  be  placed  in  conduit. 

1  3  6  Pole  and  building  cable  riser  should  be  detailed  to  show  the  splice 
locations,  supporting  structures,  method  of  cable  attachment  and 
physical  protection,  if  required. 

1  3  7  Cable  identification,  cable  type,  size,  conductor  gauge,  and  pair 

count  should  be  shown  on  all  existing  and  proposed  cable  where  there 
is  a  change  in  size,  gauge  or  pair  count. 

1  3  8  Detailed  information  should  be  provided  for  specialized  equipment, 

such  as  pressurization  blocks,  valves,  flow  meters,  compressors 
alarms,  etc. 
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1.4  The  Engineer  should  keep  in  mind  during  the  design  of  underground  cable 
plant  that  flexibility  of  the  plant  depends  to  a  great  extent  on  the 
physical  arrangement  of  the  cables  and  associated  equipment  in  the  underground 
conduit  and  manhole  system.  Correct  assignments  and  arrangements  of  the 
underground  cable  will  provide  economical  advantages  by  decreasing  future 
costly  rearrangements. 

2.  DESIGN  CONSIDERATION 

2.1  The  underground  cables  placed  in  conduit  and  manhole  systems  d.re 
considered  the  backbone  of  the  outside  plant  facilities.  The  sizing  of 

cables  and  the  selection  of  the  conductor  gauge  are  determined  in  accordance 
with  the  design  principles  as  detailed  in  REA  TE  &  CM  Sections  204,  210  and 
231.  It  is  of  utmost  importance  that  cable  placed  in  the  underground  system 
be  sized  to  economically  justify  the  use  of  each  conduit  due  to  the  high  cost 
of  a  conduit  and  manhole  system.  Normally,  cables  that  are  considered  for 
placement  in  the  conduit  system  d^re   exchange  feeder  cables,  trunk  exchange 
cables,  toll  cables,  and  special  cables  such  as  video,  coaxial,  and  optical. 
The  larger  size  manholes  and  the  greatest  number  of  ducts  start  at  the  central 
office  and  decrease  in  manhole  size  and  duct  number  as  the  distance  increases 
from  the  central  office.  The  sizing  of  exchange  feeder  cables  will  normally 
follow  this  same  pattern. 

2.2  Prior  to  the  design  layout  of  underground  cable  plant,  it  is  necessary 
for  the  Engineer  to  make  an  on-site  field  survey  of  all  manholes,  pole 

risers,  building  conduits,  etc. 

2.3  A  cable  racking  diagram  should  be  made  for  the  central  office  vault, 
cable  trough,  central  office  building  wall  (See  Figures  7,  8,  9  and  lOj 

showing  the  location  of  all  existing  cables,  stubs,  load  coil  cases  and  ducts 
in  use.  Using  this  information  a  vacant  duct  should  be  selected  that  will 
allow  new  cable  to  be  placed  without  crossing  over  existing  cable  or  blocking 
other  vacant  ducts.  Generally,  it  is  desirable  to  assign  the  lower  conduits  to 
trunk  and  loaded  cables  which  usually  will  not  require  replacement,  and'  also  to 
special  cables,  which  require  protection.  The  cable  duct  assignment  should  be 
the  same  in  each  manhole,  whenever  possible.  However,  each  duct  should  be 
selected  section-by-section,  since  the  same  relative  position  in  each  manhole 
may  not  always  provide  the  best  cable  arrangement. 

2.4  Where  cables  are  pulled  through  a  manhole  without  a  splice,  the  duct 
selection  should  be  the  same  at  both  ends  of  the  manhole.  Changes  in 

duct  selection,  especially  in  elevation,  should  be  considered  carefully  to 
avoid  damage  to  the  cable  sheath  and  to  keep  the  pulling  tension  as  low  as 
possible. 

2.5  On  the  manhole  cable  racking  diagram  (Figure  1)   all  necessary  additional 
cable  supporting  hardware  within  a  manhole  should  be  indicated  as  should 

additional  work  such  as  drilling  holes,  etc. 

2.6  Actual  lengths  of  the  conduit  runs  d.re   necessary.  These  measurements 
can  be  obtained  from  the  plant-in-place  records  of  the  conduit  systems. 

But  these  measurements  should  be  verified  so  that  cable  lengths  will  be 
correct.  The  distance,  manhgle  wall-to-wall,  manhole-to-riser  pole,  or  manhole 
to  building,  should  be  added  to  the  amount  of  cable  required  in  each  manhole 
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for  pulling-in,  setting-up,  testing,  and  splicing.  These  measurements  when 
added  together  are  to  be  indicated  on  the  Construction  Drawing  as  cable  "cut 
length.  The  amount  of  excess  cable  normally  required  for  splicing,  testing  and 
pulling  usually  amounts  to  one  meter  (3  ftj  per  cable  or  2  m  (6  ftj  per 
section. 

2.7  For  pull-through  manholes  (no  splice),  the  length  of  cable  necessary  for 
racking  should  be  added  to  the  wall-to-wall  lengths  of  the  conduit 

sections  on  both  sides  of  the  manhole. 

2.8  Cables  and  stubs  should  be  arranged  in  the  manhole  to  allow  accessibility 
to  the  cable  splices.   In  general,  limit  the  number  of  branch  cables  from 

the  end  of  mainline  splices  to  two  (2j.  To  maintain  this  arrangement,  stubs 
may  be  necessary.  At  locations  requiring  stubs,  the  size,  gauge,  and  intended 
use  of  the  stub  usually  will  determine  the  racking  position.  Where  stubs  dre 
used  to  connect  branch  feeder  or  distribution  cables  entering  the  manhole  from 
branch  conduits,  the  terminal  end  of  the  stub  should  be  racked  on  the  manhole 
wall  opposite  the  branch  conduit. 

2.9  At  each  splice  in  central  office  vaults,  troughs  or  on  building  walls; 
as  well  as  in  manholes  the  shields  of  all  cables  should  be  bonded 

together.  Detailed  information  and  methods  should  be  shown  on  the  detailed 
drawings. 

2.10  The  construction  layout  drawing  should  be  prepared  in  detail  to  show 
all  work  activity  and  information  necessary  to  install  the  underground 

cable  plant.  The  layout,drawings  will  also  provide  the  borrower  with  plant- 
in-place  records  upon  completion  of  plant  installation. 

3.  SAFETY  PRECAUTIONS 

3.1  Open  manholes  should  be  guarded  at  all  times  with  a  manhole  guard  or 
barricade.  These  and  other  warning  devices  should  be  set  up  at  the 

manhole  before  removal  of  cover. 

3.2  Approved  local,  state,  or  federal,  warning  lights  should  be  displaced 
between  sunset  and  sunrise  and  when  vision  is  impaired  by  fog,  haze, 

etc,  in  accordance  with  local,  state  and/or  federal  ordinances. 

3.3  Open  flames,  torches,  lighted  cigars,  cigarettes,  or  pipes  should  not  be 
brought  near  an  open  manhole,  into  a  cover  or  tent  over  a  manhole 

opening,  or  into  a  manhole  even  though  tests  indicate  that  combustible  gases 
are  not  present. 

3.3.1  Only  lighting  and  heating  equipment  of  the  type  recommended  by  a 
manufacturer  of  this  type  equipment  should  be  used. 

3.3.2  Connection  and  disconnection  of  electric  lighting  equipment  should 
not  be  permitted  in  the  marjhole. 

3.4  Every  manhole  opened  for  the  first  time  during  the  day  or  reopened  after 
having  been  closed  for  any  length  of  time  shall  be  tested  to  determine 

whether  combustible  gases  are  present.  Additional  tests  should  be  performed 
at  the  start  of  each  work  shift  change  and  at  intervals  not  to  exceed  two  (2 J 
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hours  during  a  particular  work  shift.  When  a  manhole  is  covered  with  a  tent 
or  tarpaulin  it  should  be  tested  at  intervals  not  to  exceed  one  (1)  hour. 
Manholes  should  be  also  be  tested  after  the  removal  of  water  or  duct  plugs 
which  could  possibly  have  permitted  the  flow  of  gas  into  a  manhole.  Where 
gases  are  detected  or  suspected,  ventilation  of  the  manhole  should  be  employed 
by  forced  fresh  air  equipment  in  accordance  with  the  manufacturer's 
instructions. 

3.5  Establish  adequate  communications  between  the  cable  feeding  location  and 
other  pulling  equipment  prior  to  starting  any  pulling  operation. 

3.6  Arrange  material  and  tools  in  the  vicinity  of  the  manhole  so  it  will  not 
fall  into  the  manhole  or  unnecessarily  interfere  with  pedestrian  or 

vehicular  traffic. 

3.7  Exercise  caution  when  entering  and  leaving  a  manhole,  particularly  those 
located  on  traveled  thoroughfares.  Always  use  a  ladder  when  entering  or 

leaving  a  manhole.  When  descending  or  ascending  into  or  from  a  manhole,  always 
face  oncoming  traffic.  Keep  hands  free  of  materials  or  tools  when  ascending 
or  descending  a  ladder. 

4.  oABll  PROTECTION 

4.1  When  working  in  manholes  care  should  be  exercised  to  prevent  damage  to 
cables  in  setting  up  the  pulling  apparatus  or  while  using  tools  of  any 

k 1 nd .  Never  use  a  cable,  load  coil  case,  or  splice  case  as  a  step  when 
ascendiTTq  or  descending  a  manhole.  Special  care  should  be  taken  when  work i ng 
with  filled  cables  especially  when  the  temperature  is  below  2*^  C  (35°  Fj. 
This  type  cable  becomes  more  difficult  to  bend  and  work  as  the  temperature 
decreases,  and  there  is  a  possibility  of  cable  damage  at  temperatures  near 
-18°  C  (0°  Fj. 

4.2  Cable  reels  which  are  delivered  to  the  work  location,  but  are  not  to  be 
set  up  immediately  for  placing  operations,  should  be  securely  blopked  or 

secured  to  a  pole  or  other  substantial  support  to  prevent  rolling  or  movement. 
Do  not  leave  them  on  a  grade  or  in  a  traffic  lane  if  this  can  be  avoided. 
When  it  is  necessary  to  leave  the  reels  on  a  grade,  turn  the  reels  against  the 
curb  and  block  them  so  that  they  will  not  roll. 

4.3  Cable  reels  left  along  streets  or  highways  overnight  should  be  marked 
in  accordance  with  local  and  state  regulations.  Otherwise,  barricade 

and  light  with  flasher  lights  or  red  lanterns  not  later  than  one-half  (1/2) 
hour  before  sunset. 

5.  CA^'LE  LOCATION  AND  SELECTION  OF  DUCTS 

5.1  Care  should  be  exercised  so  that  the  cable  is  placed  relative  to  cable 
number,  count,  size,  cutting  length  and  gauge  in  strict  accordance  with 

the  construction  drawings. 

5.2  The  cut  ends  of  nonfilled  cable  remaining  on  a  reel  after  a  length  of 
cable  has  been  removed  should  be  sealed  with  an  approved  end  cap  equipped 

with  a  pressure  testing  valve  and  pressurized  with  dry  air  or  nitrogen  between 
55  and  69  KPa  (8  and  10  psij'.  Filled  cable  cut  ends  should  also  be  sealed 
with  suitable  end  caps. 
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5.3  The  contractor  should  maintain  a  record  of  the  cable  placed  and  of  the 
cable  remaining  on  any  reel  after  a  cutting  length  has  been  removed. 

5.4  Each  reel  should  have  a  suitable  tag  fixed  to  the  outside  of  each  flange 
indicating  the  number  of  feet  remaining  on  the  reel.  The  tag  should  be 

updated  immediately  after  a  length  of  cable  is  removed  from  the  reel. 

5.5  The  duct  assignment  for  each  individual  cable  for  any  duct  section 
relative  to  cable  number,  count,  size,  gauge,  and  cutting  length  should 

be  specified  on  the  construction  drawing.  Cable  should  not  be  placed  in  ducts 
other  than  those  which  have  been  specified  nor  should  the  cable  be  racked  in 
any  other  manner  than  is  shown  on  the  contract  drawings  without  prior  approval 
of  the  engineer. 

6.  RODDING  AND  CLEANING  DUCTS 

6.1  It  is  the  contractor's  responsibility  to  determine  whether  ducts 
designated  for  occupancy  should  be  rodded  and  cleaned.  The  contractor 

should  assume  complete  responsibility  for  any  difficulties  or  damage  to  the 
cable  in  placing  cable  in  ducts  as  indicated  in  the  applicable  REA  Construction 
Contract  Form  515  specifications. 

6.2  In  the  event  there  is  any  question  as  to  whether  a  duct  is  satisfactory 
for  use,  the  contractor  should  perform  the  following  test  prior  to 

placing  the  cable:  A  test  mandrel  or  short  cable  length  equal  to,  or  slightly 

larger  in  diameter  than  the  cable  to  be  placed  should  be  inserted  between  two 

wired  lines  and  pulled  through  the  duct.  If  the  mandrel  does  not  pass  through 
satisfactorily  the  duct  should  be  rodded  and  cleaned. 

6.3  Ducts  suspected  or  found  to  contain  particles  of  earth,  sand,  gravel  or 
other  obstructions  should  be  cleaned  by  pulling  a  stiff  bristled  wire 

brush  through  each  conduit  as  required. 

6.4  Ducts  which  are  found  to  be  obstructed  by  foreign  material  which  cannot 
be  removed  should  be  reported  to  the  engineer  without  delay.  The 

engineer  will  determine  what  action  must  be  taken. 

7.  CHECKING  REEL  AND  CABLE  MARKINGS 

7.1  Prior  to  setting  up  a  cable  reel  the  contractor  should  check  the  reel 
number,  cable  pair  size,  gauge  and  the  cutting  length  with  the 

information  contained  on  the  construction  drawings,  against  the  verified 
distance  of  the  manhole  to  manhole  center-to-center  distance. 

7.2  Cable  for  placing  in  underground  conduit  runs  should  be  ordered  by  cut 
lengths  (manhole  to  manhole  center-to-center  distances  plus  additional 

length  required  for  racking  and  splicing)  with  factory  equipped  pulling  eyes. 
All  cables  of  32  mm  (1.25  in.)  diameter  and  larger  to  be  pulled  into  conduit 
runs  should  use  factory  eyes.  The.se  are  available  from  the  cable 
manufacturer.  All  cables  of  smaller  diameters  than  32  mm  (1.25  in.)  to  be 
pulled  into  conduit  runs  should  have  heat  shrinkable  end  caps  placed  on  the 
cable  ends  and  use  cable  grips. 
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8.     SEHING  UP  CABLE  REELS  AND  APPARATUS 


8.1 


The  contractor  should  inspect  cable  reels  for  flange  protrusions  which 
could  damage  the  cable  sheath.  Also  the  contractor  should  inspect  for 
any  obstructions  that  could  interfere  with  proper  unwinding  of  the  cable. 

8.2  Careful  control  should  be  exercised  in  the  movement  of  cable  reels. 
Where  it  is  necessary  to  roll  a  reel  to  a  desired  location  it  should  be 

rolled  in  the  direction  indicated  by  the  arrows  painted  on  the  reel  flanges. 
The  reel  should  not  be  permitted  to  tilt.  A  substantial  runway  of  heavy 
planks  should  be  employed  where  uneven  ground  conditions  exists  that  may  cause 
the  reel  to  tilt.  Where  it  is  necessary  to  move  a  reel  of  cable  with  a 
construction  trunk,  a  CT  cable  reel  sling  or  equalivalent  should  be  used. 

8.3  In  conduit  sections  containing  curves  the  cable  reel  should  be  set  up 
at  the  manhole  near  the  curve  unless  traffic  or  other  conditions  do  not 

permit. 

8.4  Cable  reels  should  be  set  up  on  the  same  side  of  the  manhole  as  the 
conduit  section  in  which  the  cable  is  to  be  placed.  The  reel  should  be 

made  level  and  brought  into  proper  alignment  with  the  conduit  section  so  that 
the  cable  may  be  passed  from  the  top  of  the  reel  in  a  long  smooth  bend  into 
the  duct  without  twisting.  This  is  of  utmost  importance  in  handling  the 
filled  type  cable  in  temperature  ranges  of  2°  C  (35°  Fj  and  lower.  Under  no 
circumstances  should  the  cable  be  pulled  from  the  bottom  of  a  reel. 

8.5  It  is  essential  that  the  cable  reel  be  in  proper  alignment  and  level 
during  the  placing  operation,  as  incorrect  locating  of  the  reel  will 

cause  unnecessary  binding  which  will  result  in  uneven  cable  f&ed. 

8.6  Adjacent  turns  of  cable  on  the  reel  should  not  be  permitted  to  stick 
together  and  cause  binding  as  the  cable  is  payed  off  the  reel.  Feed  the 

cable  by  rotating  the  reel  manually. 

9.  PULLING  LINES 

9.1  Use  pulling  lines  in  good  condition  in  connection  with  cable  placing 
operations. 

9.2  Place  a  marker  on  the  pulling  line,  6  m  (20  ft)  from  the  cable  end  of 
the  line.  This  marker  is  used  to  indicate  when  the  cable  is  about  to 

enter  the  manhole. 

10.  ATTACHING  PULLING  LINE 

10.1  When  cable  is  equipped  with  a  factory  installed  pulling  eye,  the  pulling 
line  is  attached  as  shown  in  Figure  2. 
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Figure  2 
Factory  Installed  Pulling  Eye 


( 


Factory  installed 
pulling  eye 


D  Swivel 


Pulling  Line 


10.2  When  the  cable  is  not  equipped  a  pulling  eye,  a  cable  grip  may  be  used 
on  the  pulling  line  and  is  attached  as  shov/n  in  Figure  3.  Rings  to 
prevent  the  grip  from  slipping  should  not  be  beaten  into  the  cable  sheath. 


Figure  3 
Cable  Grip  Installation 


Cable  yrips 


PuJliflg  Line 


C  Swivel 


10.3  When  installing  cable  either  with  pulling  eyes  or  with  cable  grips,  a 
"B"  swivel  of  19  mm  (0.75  in!j  links  will  be  used  between  the  pulling 
eye  and/or  cable  grip  and  the  pulling  line. 

Note:  The  above  methods  of  pulling  cable  into  conduit  runs  applies  to  both 
air  core  and  filled  cables. 


11.   INSPECTION  OF  CABLE 


TE  &  CM  644 
Page  9 


,a) 


11.1  All  nonfilled  cables  to  be  placed  in  a  conduit  section  should  be 

pressurized  to  a  static  pressure  of  83  +  14  KPa  (12  +  2  psigj  prior  to 
placement.  If  the  cable  does  not  hold  the  pressure  for  a  period  of  6  hours 
the  cable  should  not  be  placed.  Each  cable  should  be  jointly  inspected  by  the 
contractor  and  the  engineer  at  least  2  hours  after  placement  to  determine  that 
the.  cable  has  retained  its  pressure.  If  there  is  a  loss  of  pressure,  the 
contractor  should  recharge  the  cable  to  83  +  14  KPa  (12  +  2  psigj.  Unless  the 
cable  holds  the  recharged  pressure  for  6  hours,  the  contractor  should  replace 
the  cable. 

12.  FEEDING  AND  PULLING  CABLES 

12.1  A  cable  feeder  guide  of  suitable  dimensions  (the  cable  may  not  bend 
at  any  location  to  a  radius  less  than  10  times  the  diameter  of  the 

cable  outside  dimensions)  should  be  used  between  the  cable  reel  and  the  face 
of  the  duct  to  protect  the  cable  and  guide  it  into  the  duct  as  it  is  payed  off 
the  reel. 

12.2  Before  starting  to  pull,  check  the  equipment  carefully  to  make  sure 
that  it  is  properly  set  up  in  order  to  minimize  the  chance  of 

interruption  once  pulling  has  started.  Tension  should  be  kept  on  both  the 
cable  reel  and  the  pulling  line  at  the  start  of  the  pull.  Excessive  slack  and 
the  twist  of  the  pulling  line  may  cause  the  connecting  links  to  turn  and  catch 
in  the  duct.  As  far  as  possible,  the  cable  should  be  pulled  in  without 
stopping  until  the  required  amount  of  cable  is  in  each  manhole.  A  pulling 
speed  of  24  to  30  m/min  (80  to  100  ft/minj  is  desirable. 

12.3  As  the  cable  is  payed  off  the  reel  it  should  be  carefully  watched  and 
inspected  for  sheath  defects.  If  defects  are   noticed,  the  pulling 

operation  should  be  stopped  immediately  and  the  engineer  promptly  notified  of 
the  defect.  Kinks  and/or  other  irregularities  in  the  cable  sheath  should  be 
removed  or  corrected  as  directed  by  the  engineer. 

12.4  The  mechanical  stress  placed  upon  a  cable  during  installation  should 
not  be  such  that  the  cable  is  excessively  twisted,  stretched  or  flexed. 

Such  treatment  not  only  weakens  the  cable  but  has  an  unfavorable  effect  on  its 
electrical  properties.  It  is  therefore  of  utmost  importance  that  the  Engineer 
determine  before  cables  are  pulled  into  ducts  or  conduits  the  maximum  tensions 
that  will  be  allowed  to  make  the  installation.  One  of  the  most  important 
factors  to  consider  is  the  coefficient  of  friction  values  between  the  various 
types  of  duct  material  and  the  cable  pulling  tensions  which  in  turn  is  the 
deciding  factor  for  selecting  of  maximum  cable  lengths  to  be  placed. 

Table  I  outlines  the  coefficient  of  friction  values  when  using  either  high  or 
low  density  cable  jacketing  material  with  the  various  types  of  conduit.  Low 
density  cable  jacketing  is  the  more  commonly  used.  The  data  reflected  in 
Table  I  is  based  upon  conduit  with. clean  surfaces.  The  coefficient  of 
friction  increases  significantly  if  the  conduit  material  is  dirty.  It  is 
therefore  of  utmost  importance  that  conduit  must  be  cleaned  prior  to  the 
installation  of  cable. 
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TABLE  I 


Coefficient  of  Friction  fSlidingj 


TYPE  OF  CONDUIT 

Polyvinyl  Chloride 
Vitrious  Tile 
Black  Fiber 
Concrete  Asbestos 
Concrete 

Corrugated  Plastic 
Wood  (Creosote) 


(PVCJ 


Hi 

igh 

Den. 

Low 

Den. 

Pol 

y- 

Jacket 

Poly. 

Jacket 

Lubri- 

Lubri- 

Dry 

cated 

Dry 

cated 

0.312 

0.131 

0.363 

0.155 

0.244 

0.175 

0.368 

0.186 

0.282 

0.175 

0.449 

0.220 

0.422 

0.220 

0.479 

0.209 

0.483 

0.367 

0.571 

0.410 

0.220 

0.130 

0.396 

0.130 

0.571 

0.280 

0.543 

0.220 

Values  are  given  for  dry  and  lubrica 
field.  The  figures  show  that  lubric 
generally  one  half  (V2I  or  less  of  th 
tensions  to  be  developed  and  longer 
of  safety  regarding  pulling  tensions 
friction  value  should  be  used  to  do 
calculations.  The  effectiveness  of 
on  the  thoroughness  of  application, 
conduit  relative  to  being  dirt  free, 
significantly  to  the  actual  coeffici 


ted  cable  as  would  be  encountered  in  the 
ated  coefficient  of  friction  values  are 
ose  for  a  dry   cable,  allowing  lower 
cable  lengths  to  be  pulled.  For  purposes 
of  the  cable,  the  dry  coefficient  of 
preliminary  tension  and  length 
a  lubricant  is  dependent  to  a  large  extent 
In  addition,  the  surface  condition  of  the 
as  previously  mentioned,  contributes 
ent  of  friction. 


12.5  The  length  of  cable  that  may  be  safely  pulled  into  a  duct  system  depends 
on  the  following  factors: 

1.  Size  and  type  of  conductor,  e.g.,  copper  or  aluminum. 

2.  Maximum  pulling  strain  allowed' on  conductors. 

3.  Method  of  pulling  cable  (pulling  eye  or  basket  weave  gr-tpj. 

4.  Number  of  bends  in  conduit. 

5.  Radius  of  bends. 

6.  Bend  angle. 

7.  Coefficient  of  friction. 

8.  Cable  pulled  dry  or  lubricated. 

12.6  Once  a  cable  route  has  been  tentatively  determined  and  the  size  and 
type  of  cable  selected,  preliminary  calculations  of  cable  length  and 

tensions  can  be  made  to  aid  in  the  placement  of  manholes  and  other  termination 
points.  Often  the  termination  or  distribution  points  of  the  cable  are 
predetermined  because  of  service  needs  and  territorial  boundaries.  Prior 
planning  and  preliminary,  figuring  "can  often  arrange  these  points  by  using 
longer  lengths  resulting  in  the  following  cost  savings:  1.  Reduced  splicing 
costs;  2.  Fewer  manholes;  3.  Reduced  reel  handling  charges  and  set-up 
costs;  4.  Fewer  pulling  eye  charges;  5.  Fewer  reel  length  pressurization 
charges  in  the  case  of  air  core  cable. 
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12.7  In  order  to  pull  a  length  of  cable  into  a  duct  system  without  injury  or 
strain  to  it,  the  maximum  allowable  pulling  tension  must  be  determined. 
To  find  this  value  for  cable  equipped  with  factory  applied  pulling  eyes,  the 
following  equation  is  used: 


T  =  ANK  (equation  1) 

where:  T  =  Maximum  allowable  pulling 
tensions  (lbs) 

A  =  Cross-sectional  area  of 
conductors  (cir.  mils] 

N  =  No.  of  conductors  terminated 
in  pulling  eye 

Note:  Only  1/2  of  the  total 
conductors  in  a  cable  are 
terminated  in  a  factory 
installed  pulling  eye. 

K  =  Constant  -  Depending  on 
conductor  material 
where:  K  =  0.008  Ibs/cir.  mil  for 

copper  or  3/4  hard  aluminum. 


s 


To  determine  A: 


Conductor  Size 
(AWG) 

19 
22 
24 
26 


Area 
(Cir.  Mils) 

1290 
642 
404 
254 


This  equation  is  used  to  determine  the  absolute  value  of  maximum  allowable 
pulling  tension  for  any  type  of  communications  cable  regardless  of  shield 
and  jacket  design. 

Example  1:  Determine  the  maximum  allowable  pulling  tension  for  a  900 
pair,  24  gauge  cable  with  copper  or  3/4  hard  aluminum 
conductors. 


T  =  ANK 

T  =  404  X  900  x  0.008 

T  =  2909  lbs. 


,^ 


12.8  Having  determined  the  maximum  cable  pulling  tension  from  Example  1,  the 

maximum  allowable  pulling  length  for  the  same  type  of  cable  can  be 
calculated  utilizing  the  maximum  pulling  tension  from  the  following  equation: 
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T (equation  2j 


L  =   Wf 

Where  L  =  Maximum  allowable  pulling  length  (ft.) 
T  =  Maximum  allowable  pulling  tension  (lbs.) 
W  =  Weight  of  cable  (lbs/ft) 
f  -  Coefficient  of  friction  (for  duct  type) 


^ 


Example  2:  What  length  of  900  pair,  24  gauge  PIC  cable  can  be  pulled 
into  PVC  conduit  with  no  conduit  bends  and  the  cable 
equipped  with  a  factory  applied  pulling  eye? 


L  = 


Wf 


T  =  2909  (lbs.) 
W  =  3.34  (Ibs/ftj 
f  =  0.363 


L  = 


2909 
3.34  (0.363) 


L  =  2399  ft. 


If  the  same  pull  were  made  using  cable  lubricant,  the  value  "f"  would  be  0.155 
and  the  solution  would  be: 


L  = 


Wf  -* 


2909 
L  =  3.34  (0.155) 


L  =  5619  ft, 


The  use  of  lubricant  more  than  doubled  the  maximum  allowable  pulling  length. 

12.9  The  effect  of  bends  in  duct  systems  on  the  pulling  tensions  of  cable 

is  substantial  and  should  be  so  considered  in  the  design  of  conduit  and 
manhole  systems.  A  hypothetical  solution  which  will  give  a  general  knowledge 
of  the  effect  of  conduit  bends  on  pulling  tensions  is  as  follows:  (Refer  to 
Figure  4  below) . 


Figure  4 
Effects  Of  Conduit  Bends  On  Pulling  Tensions 


fiH-l 


Direction  of  Pull 


BENDS 


ICO' 


RADIUS 
35' 
65' 
65' 


ANGLE 
90° 
45° 
45 


f-lH-2 
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12.9.1  The  cable  to  be  considered  is  a  900  pair  24  gauge  PIC.  The  standard 
reel  length  is  1500  ft.  The  cable  has  a  low  density  outer  jacket  and 
the  conduit  is  PVC.  The  cable  is  being  pulled  from  manhole  1  to  manhole  2. 
Pulling  tensions  for  a  duct  system  with  bends  are   calculated  on  a  cumulative 
basis  using  the  following  equations: 


T  =  Iwf  (equation  3) 


T  =  T^e^^  (equation  4j 


Where:  T  =  Pulling  Tension  (Ibsj 
1  =  Length  of  cable  (ftj 
W  =  Weight  of  cable  (lb/ft) 
1-^   =  Accumulated  tension  to  start  of  bend. 
e  =  Base  of  natural  or  Naperian  logarithms  (constant  =  2.718) 
f  =  Coefficient  of  friction  between  duct  and  cable, 
a  =  Bend  angle  in  radians  (1  radian  =  57.3  degrees) 

The  tension  at  Doint  MH-2  is  found  by  beginning  at  the  opposite  end  of  the 
conduit,  MH-1  and  calculating  the  accumulated  tension  at  each  point.  Equation 
(3)  is  used  to  find  the  tension  at  point  A. 


^ 


Manhole  1  to  point  A 

T  =  IWf  =  100  X  3.34  X  0.363  =  121  lbs. 

The  tension  from  Manhole  1  to  Point  B  is  found  by  using  equation  (4j. 

T  =  T^e^^  =  121e  ^^'^^^  ^  ^•^'^^   =  214  lbs. 

The  tension  of  the  500  foot  section  is  then  added  to  find  the  tension  to 

Point  C: 

^fa 


Tension  at  Point  D 


T  =  T^e^^  +  IWf  =  214  +  (500  x  3.34  x  0.363j  =  820  lbs 
T  =  820  e  ^0-^^2  ^  °-7^^  =  1092  lbs. 


Tension  of  the  400  foot  section  is  then  added  to  the  tension  at  Point  D  to 
find  the  tension  at  Point  E: 


The  tension  at  Point  F 


T  =  1092  +  (400  X  3.34  x  0.363)  =  1577  lbs. 
T  =  1577  e  fO.363  x  0.79)  ^  2IOI  lbs. 


The  tension  of  the  500  foot  section  is  then  added  to  the  tension  at  Point  F 
to  determine  the  tension  at  manhole  no.  2. 

T  =  2101  +.(500  i   3.34  x  0.363)  =  2707  lbs. 

12.9.2  It  is  therefore  determined  that  it  requires  2707  lbs  of  pulling 

tension  to  pull  a  900  pair,  24  gauge  PIC  cable  from  MH-1  to  MH-2. 
Paragraph  12.7  indicated  the  maximum  allowable  pulling  tension  for  this  cable 
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using  a  factory  installed  pulling  eye  was  2909  lbs.  The  cable  can  therefore 
be  pulled  from  MH-1  to  MH-2  without  exceeding  the  maximum  allowable  pulling 
tension  (caution,  sidewall  pressure  requirements  in  section  12.10.1  must  also 
be  metj.  Since  the  pulling  calculation  was  made  for  un  lubricated  cable,  use 
of  lubrication  will  provide  a  substantial  safety  margin. 

12.10  Another  factor  to  be  considered  and  never  exceeded  is  the  maximum 
allowable  sidewall  pressure.  Sidewall  pressure  is  the  radial  force 
exerted  on  the  sheath  of  a  cable  at  a  bend  point  when  the  cable  is  under 
tension.  The  sidewall  pressure  acting  upon  a  cable  at  any  bend  may  be 
estimated  from  the  following  equation: 


I 


P  =  T/R  (equation  5j 

Where:  P  =  Sidewall  pressure  (Ibs/ftj 
T  =  Pulling  tension  (lbs) 
R  =  Radius  of  bend  (ftj 

12.10.1  The  maximum  allowable  sidewall  pressure  for  telephone  cable  should 

not  exceed  100  lbs/ft.  In  such  cases  of  multiple  bends,  the  greatest 
tension  will  be  developed  through  the  last  bend,  as  will  the  greatest  sidewall 
pressure.  For  this  reason,  during  the  layout  of  a  duct  routed  the  most  severe 
bends  should  be  planned  at  the  start  of  a  cable  pull.  The  following 
calculations  display  the  sidewall  pressure  developed  for  the  conduit  system 
diagrammed  in  Figure  4. 


Bend  A  B,  P  =  T/R  =  214/35  -  6.1  lbs/ft 
Bdnd  C  D,  P  =  T/R  1092/65  =  16.8  lbs/ft 
Bend  E  F,  P  =  T/R  2101/65  =  32.3  lbs/ft 


These  calculations  indicate  that  the  sidewall  pressures  at  all  bends  in  the 
conduit  system  of  Figure  "4"  are  below  the  maximum  allowable  value  of  100  lbs/ft, 

12.11  Cables  should  be  lubricated  with  a  lubricant  that  is  compatible  with 

the  cable  jacket  material  as  they  are  payed  off  the  reel  into  the  cable 
feeder.  A  cable  lubricator  (funnel)  should  be  placed  around  the  cable  just 
ahead  of  the  cable  feeder  to  facilitate  proper  lubrication  of  the  cable. 

WARNING 
SOAP  LUBRICANTS  OR  LUBRICANTS  CONTAINING  SOAP  ARE  DEFINITELY  HARMFUL  TO 
POLYETHYLENE  SHEATHED  CABLE. 


12.11.1  The  quantities  of  cable  .lubricant  which  should  be  used  in  cable 

placing  operations  should  be  in  accordance  with  the  manufacturer's 
instructions.  Lubrication  of  the  polyethylene  sheath  is  not  required  in 
lengths  shorter  than  90  m  (300  ftj  provided  the  conduit  section  is  free  from 
sharp  bends. 
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12.11.2  After  the  cable  has  been  placed,  the  exposed  cable  in  the  manholes 
should  be  wiped  clean  of  cable  lubricant  with  a  cloth  before  leaving 
the  manhole. 

12.12  Careful  attention  should  be  paid  to  signals  from  the  installation  crew 
as  the  cable  is  being  pulled  so  that  pulling  may  be  stopped  instantly 

whenever  necessary  to  avoid  damage  to  the  cable. 

12.13  If  for  any  reason  the  pulling  operation  is  halted  between  manholes, 
the  winch  operator  should  not  re  lease  the  tension  on  the  winch  unless 

directed  to  do  so.  In  restarting  the  pulling  operation,  the  inertia  of  the 
cable  should  be  overcome  by  gradually  increasing  the  tension  in  steps  a  few 
seconds  apart  until  the  cable  once  again  is  in  motion. 

12.14  The  leading  end  of  the  cable  at  intermediate  manholes  should  be  guided 
into  t'le  duct  and  a  feeder  tube  nozzle  placed  around  the  cable  to 

prevent  the  cable  from  rubbing  on  the  edge  of  the  duct.  To  maintain  pressure 
on  the  sealing  gasket  of  the  pulling  eye  of  polyethylene  cables,  so  equipped, 
the  pulling  eye  nut  should  be  retightened  at  each  intermediate  manhole. 

12.15  Sufficient  cable  should  be  left  in  each  manhole  to  properly  rack  and 
splice  the  cables  as  shown  in  the  contract  drawings.  All  pulled  ends 

should  be  examined  for  evidence  of  damage  due  to  the  pulling  operation.  The 
cable  sheath  should  not  be  pulled  beyond  the  cable  core.  Notification  to  the 
Engineer  should  be  made  for  inspection,  and  repair  action  that  should  be  taken 
where  cracks  or  openings  are  found  in  the  cable  sheath  following  the  pulling 
operations.  Repairs  shojjld  be  made  in  accordance  with  REA  Splicing  Standard 
PC-2. 


Note:  Cable  ends  should  be  kept  sealed  at  all  times, 
cable  end  caps  may  be  used  for  this  purpose. 


Only  REA  approved 


J 


12.16  After  the  cables  have  been  placed,  the  cable  ends  in  all  manholes 
should  be  temporarily  secured  to  the  cable  racks  to  prevent  damage. 

Any  bending  of  the  cable  sheath  should  be  accomplished  in  such  a  manner  as  to 
avoid  possible  injury  to  the  cable  sheath.  Excessive  lengths  of  cable  in  the 
manhole  should  be  looped  around  the  manhole  in  long  sweeping  bends  and  tied 
securely  in  a  location  where  it  will  not  obstruct  the  working  space  in  the 
manhole.  The  cable  ends  should  be  so  placed  that  they  are  high,  close  to  the 
manhole  roof, 

12.17  Duct  seals  acceptable  to  REA,  should  be  placed  around  the  cable  in  the 
ends  of  each  duct  section  when  the  ends  of  the  duct  are  broken  or  are 

in  such  condition  that  sheath  damage  appears  likely  where  cables  are  installed 
in  metal  pipe  conduit. 

12.18  After  the  cables  are  placed,  each  cable  should  be  identified  on  each 
end  of  a  splice  with  identification  tags  indicating  the  cable  number, 

pair  count,  size,  and  gauge,  and  aJso  the  cut  length. 

12.19  Splices  should  not  be  placed  or  pulled  into  the  dupt  (duct  splices) 
but  should  be  positioned  within  the  manholes. 
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12.20  Where  filled  cables  are  to  be  spliced  to  a  pressurized  cable,  a  cable 
stub  with  an  installed  in-line  pressure  block  should  be  placed  between 
the  filled  cable  and  the  pressurized  cable. 

13.  PULLING  CABLE  INTO  SUBSIDIARY  DUCTS 

13.1  When  placing  cable  in  a  subsidiary  duct  extending  from  a  manhole, 
service  manhole  or  vault  to  a  pole  riser,  or  to  a  building,  the  cable 

reel  should  be  located  at  the  end  of  the  duct  nearest  the  bend.  The  cable 
should  be  fed  in  a  long  smooth  curve  rather  than  be  pulled  upward  around  the 
bend  from  the  opposite  end. 

13.2  Due  to  the  number  of  bends  usually  encountered  in  subsidiary  conduits, 
cable  lubricant  that  is  compatible  with  cable  jacket  material  should  be 

used  to  facilitate  placement  of  the  cable  regardless  of  the  conduit  lengths. 

13.3  Sufficient  cable  should  be  left  at  each  end  of  the  duct  to  permit 
setting-up  and  splicing.  The  cable  should  be  lashed  temporarily  to  the 

pole  or  wall  with  houseline  to  insure  that  it  does  not  interfere  with  other 
activities,  become  a  safety  hazard  in  work  areas  or  come  into  contact  with 
electrical  power  service. 

14.  SEALING  DUCTS 

14.1  The  ends  of  all  ducts  whether  specified  for  occupancy  or  to  remain 
vacant  should  be  sealed  to  prevent  the  entrance  of  foreign  materials 
and  to  protect  against  gas  and  water  entering  buildings.  The  type  of  duct 
seal  to  be  used  is  shown  in  the  "List  of  Materials  Acceptable  for  Use  on 
Telephone  Systems  of  REA  Borrowers." 

15.  ELECTRICAL  PROTECTION  AND  BONDING 

15.1  In  general  all  underground  cable  shields  should  be  bonded  together  at 
each  manhole,  cable  vault,  underground  dips,  underground  to  aerial 
junctions  and  at  other  locations  as  may  be  specified  on  the  construction 
drawing. 

15.1.1  Central  Office:  The  shields  of  all  cables  entering  the  central  office 
should  be  bonded  together  and  connected  to  the  central  office  ground 

with  a  No.  6  AWG  copper  insulated  or  larger  ground  wire.  The  bonds  should  be 
connected  to  the  cable  shields  in  the  cable  vault  or  trough  as  near  the  cable 
fc.;trance  as  is  practicable  and/or  as  specified  on  the  construction  drawings. 
Where  a  suitable  ground  cannot  be  reached  conveniently,  it  may  be  desirable  to 
establish  a  ground  by  running  a  strip  of  bonding  ribbon  the  length  of  the 
vault  frame  above  the  top  horizontal  support.  The  bonding  ribbon  can  be 
secured  with  wire  ties  spaced  approximately  one  meter  (3  ft)  apart.  This 
bonding  ribbon  should  be  mechanically  fastened  to  the  central  office  ground 
lead  which  is  terminated  in  the  vault.  As  each  cable  is  installed,  the  ground 
connections  can  then  be  made  conveniently  by  bonding  the  splice  enclosure  to 
the  above  bonding  ribbon  where  they  cross. 

15.1.2  Manholes:  The  shields  of  all  cables  in  each  manhole  should  be  bonded 
together  by  placing  a  bonding  wire  or  ribbon  as  described  in  section 
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15.1.1.  At  intermediate  manholes  where  the  cable  is  pulled  through  without  a 
sheath  opening,  bonds  are  not  required. 

15.1.3  Building  Entrances:  All  cable  should  be  bonded  and/or  grounded  as 
close  to  the  building  entrance  as  possible.  Generally  a  No.  6  AWG 
copper  insulated  or  larger  ground  wire  is  run  from  the  cable  shield,  or  splice 
enclosure  to  a  permanent  and  convenient  pipe  in  the  cold  water  system.  A  bond 
should  be  placed  between  the  metallic  conduit  and/or  cast  iron  bend  and  the 
metallic  shield  of  the  cable  or  aerial  cable  suspension  strand  at  each  end  of 
an  underground  dip  and  at  underground  aerial  cable  junctions. 

16.  PLACING  UNDERGROUND  LOAD  COIL  CASES 

16.1  The  construction  drawings  should  indicate  where  the  case  should  be 
located: 


a.  placed  on  the  floor  of  the  manhole  in  a  vertical  position 

b.  placed  on  its  side 

c.  attached  to  the  wall 


ci 


16.1.1  In  line  manholes  the  cases  will  generally  be  attached  to  the  end  wall 
or  stood  on  the  floor  as  shown  in  Figure  5. 


Figure  5 
Load  Coil  Case  Location  (In-Line  Manhole) 


1/2"  Mac 
Bolt  Aric 
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]/2"   Ko chine 
Bolt  Anchors 


At  some  locations  where  the  available  wall  space  is  completely  occuoied  it 
may  be  necessary  to  place  the  case  on  its  side  at  one  end  of  the  ni^nhole   If 
the  loading  case  must  be  installed  in  the  manhole  floor,  the  stub  should  be 
arranged  as  indicated  in  Figure  6. 
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Figure  6 
Load  Coil  Case  Location  (Manhole  Floor) 
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Notes: 

1.  Extreme  care  should  be  used  in  the  forming 
of  cable (s)  to  prevent  kinking.   Cables  should 
not  be  formed  to  a  radius  of  less  than  ten 
times  the  diameter  of  the  cable. 

2.  Cast  iron  splice  cases  must  be  supported  by  the 
cable  racks  to  prevent  cable  damage.   It  is 
suggested  that  a  1/2"  or  3/4"  galvanized  iron 
pipe  be  used  for  this  support  and  installed  as 
indicated  on  the  drawing. 


3.  All  splice  enclosures  should  be 
bonded  together.   The  method  of  bond- 
ing should  be  in  accordance  with 
instructions  issued  by  the  Engineer. 

4.  All  cables  should  be  secured  to  the 
cable  racks  with  lashed  cable  supports, 

5.  Lead  cable  tags  showing  the  cable 
identification  and  pair  count  should 
be  placed  on  the  cable(s)  on  both 
sides  of  splices. 

6.  Install  duct  seals  or  plugs  as 
required. 


LEAD  CABLE 
TAG  DETAIL 


Lashed  Cable 
Support 


Two  Wraps 


0 


ATTACHMENT  OF  CABLE  SUPPORT 
TO  MANHOLE  CABLE  RACK 


Figure  10  -  Typical  Cable  Plant  Manhole 
Installation  Details 
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GENERAL 


1.01 


This  section  is  intended  to  provide  REA  "borrowers,  consulting 
engineers,  contractors  and  other  interested  parties  with 
technical  information  for  use  in  the  design  and  construction 
of  REA  "borrowers'  telephone  systems.  It  discusses  in  particular 
the  design  and  construction  of  a  telephone  cable  pressurization 
system  in  which  the  pressure  is  supplied  hy  continuous  feed  dry 
air  injection. 


APPLICATION 


2.01 


Cable  pressurization  employing  the  continuous  feed  dry  air    ^y$- 
injection  method  should  be  considered  where  the  estimated  *;»rJ^ 
annual  cable  maintenance  saving  approaches  the  annual  chaS^feB 
on  the  necessary  capital  investment.  Pressurization  by  this  rA'^. 
method  can  be  expected  to  reduce  the  cable  maintenance  costs ^y 
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2.02 


about  twenty- five  percent  chiefly  "by  the  elimination  of  overtime 
work.  Pressurization  also  can  be  expected  to  reduce  the  number 
of  subscriber  trouble  reports  due  to  trouble  in  paper- insulated 
cable*  to  about  twenty-five  percent  of  the  number  that  would 
resiilt  without  this  protection.  This  reduction  cannot  be  equated 
into  dollars  but  is  an  important  consideration  in  a  study  of 
pressurization.  The  need  for  pressurization  is  much  greater  for 
paper- insiilated  than  for  polyethylene-insulated  cable  because  the 
polyethylene  insulation  is  impervious  to  moisture  whereas  moisture 
in  paper  insulation  causes  circuit  trouble.  Experience  shows 
that  about  75  percent  of  all  aerial  paper  cable  trouble  occurs 
in  cables  of  100  pairs  or  less.  This  makes  it  desirable  to 
consider  pressurization  in  exchange  areas  which  have  a  preponder- 
ance of  small  size  paper  cable.  Paper  cables  having  air-tight 
strand  mounted  terminals  or  splice  cases  can  be  pressurized 
readily  at  minimum  expense.  Pressurization  also  should  be  con- 
sidered for  toll  and  trunk  cables  and  cables  to  important  places 
such  as  airports  and  military  establishments  whether  the  cables 
are  aerial,  in  underground  ducts  or  buried,  and  whether  paper  or 
plastic  insTilated.  Pressurization  should  extend  the  life  of 
lead  cable  by  five  to  ten  years. 

Factors  that  must  be  considered  in  deciding  for  or  against 
pressurization  include  the  amount,  size  and  type  of  cable  and 
whether  it  is  aerial,  in  underground  ducts  or  buried.  It  is 
doubtful  that  pressurization  will  prove  to  be  economical  for 
an  exchange  having  very  much  less  than  15  sheath  miles  of  aerial 
paper  cable  or  for  any  polyethylene-insulated  exchange  cable. 
Addendum  A  details  the  estimated  cost  for  pressurizing  a  cable 
system  having  15  sheath-miles  of  aerial  lead- sheath  cable  at  a 
total  cost  of  $i^-,950.  The  central  office  pressurization  equip- 
ment of  small  size  suitable  for  a  maximum  of  25  miles  of  sheath 
or  less  will  cost  about  $1,000  installed.  The  tools  required 
for  the  installation  of  plugs,  pressure  testing,  valves,  by- 
passes and  for  the  initial  leak  testing  will  cost  about  $350. 
The  installation  of  plugs,  pressure  testing  valves  and  by-passes 
will  cost  about  $lii-0  per  sheath  mile  of  cable.  The  initial 
leak  locating  will  cost  about  $100  per  sheath  mile  or  less.  Of 
this  amount,  about  $3,^50  is  capital  expense  and  $1,500  is 
maintenance.  About  $350  of  the  expense  is  for  items  which  would 
be  required  in  future  maintenance  work- 


• 


*The  terms  "paper-insulated"  or  "paper  cable"  as  used  herein  include  cable 
with  either  paper  strip  or  paper  pulp  insulation. 
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2.03  Analysis  of  the  data  given  in  Addendum  A  indicates  that  a 

pressurization  installation  would  be  justified  assuming  that 
ahout  two  cable  troubles  per  mile  per  year  can  be  expected 
in  aerial  lead- sheath  paper- insulated  cable  and  that  the  cost 
for  repairs  would  be  about  $50  per  trouble.  Assume: 


) 


^ 
^ 

c^^ 


Depreciation  of  pressurization 

equipment 
Interest  on  investment 

Total  Annual  Charges 


5>  per  year 

5^  per  year 

10%  per  year 


On  a  capital  investment  of  $3^50  this  gives  annual  charges  of 
$3^5  per  year.  If  the  cable  troubles  are  two  per  mile  per  year 
before  pressurization  the  15  miles  of  cable  would  have  30  trou- 
bles at  a  cost  of  $50  per  trouble  or  $1,500  per  year.  If  the 
reduction  in  maintenance  cost  is  25  percent,  the  saving  per  year 
would  be  1/4  of  $1,500  or  $375  per  year.  This,  compared  to  the 
annual  charges  on  the  installation  at  $3^1-5  per  year,  justifies 
the  installation  after  the  initial  maintenance  costs,  partic-ularly 
when  the  intangible  advantages  are  taken  into  consideration. 

2.0^4-  In  a  group  of  exchanges  of  an  operating  company  some  exchanges 
will  have  insufficient  aerial  paper  cable  to  justify  pressuri- 
zation, but  if  one  or  two  do  have  enough  such  cable  to  justify 
pressurization,  the  time  saved  in  their  cable  maintenance  can 
be  used  to  advantage  in  cable  maintenance  at  the  nonpressurized 
exchanges.  The  result  should  be  better  overall  cable  maintenance 
perhaps  at  no  increase  in  total  cable  maintenance  cost. 

2.05  Methods  have  not  yet  been  developed  for  pressurizing  buried 
polyethylene- insulated  cable  in  exchange  distribution  plant 
which  uses  terminal  housings  for  above  ground  appearances.  The 
presently  available  terminal  housings  are  too  small  to  accom- 
modate the  arrangements  necessary  for  cable  pressurization. 

2.06  Pressurization  cannot  be  applied  economically  to  polyethylene- 
insulated  aerial  cables  which  use  ready-access  enclosures 
because  of  the  cost  of  providing  for  air  passage  around  these 
enclosures.  It  is  estimated  that  such  by-passes  cost  about 

$5  each  and  average  about  four  per  mile. 

2.07  Pressurization  equipment  large  enough  to  pressurize  25  to  100 
sheath  miles  of  cable  will  cost  $300  to  $^00  more  than  the  small 
size  unit.  The  initial  cable  sheath  leak  clearing  will  be  about 
the  same  per  mile  of  sheath  in  both  small  and  large  projects. 
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2.08  In  exchanges  that  do  not  have  enough  cable  to  justify 

continuous  pressurization,  the  cahle  can  be  tested  by  using 
cylinders  of  0.  P.  nitrogen  gas*  applied  temporarily.  The 
procedure  for  this  type  of  testing  is  described  in  REA 
Telephone  Operations  Manual,  Section  I356.3,  "Leak  Locating 
in  Telephone  Cables  by  Spray  Test." 

3.  PRESSURIZATION  PRINCIPLES 

3.01  Cable  is  pressurized  to  reduce  service  interruptions  and 

maintenance  costs  due  to  moisture  damage  to  cable  conductors. 
This  is  accomplished  by  maintaining  positive  pressure  inside 
of  the  cable  sheath  to  prevent  entrance  of  moist  air  or  water 
at  sheath  cracks  or  breaks  and  to  assist  in  locating  such  damage 
The  cable  pressurization  system  presently  preferred  is  called 
the  "continuous  feed"  or  "continuous  flow"  system.  It  employs 
commercially  available  equipment  which  automatically  compresses 
and  drys  air  and  injects  it  into  sheath  cables  at  a  controlled 
pressure.  The  dry  air  flow  in  paper  cable  tends  to  improve  its 
insulation  resistance  by  absorbing  moisture  that  may  have  been 
in  the  cable  at  the  time  of  pressurization.  The  compressor- 
dryer  equipment  for  exchange  cable  usually  is  located  in  a 
central  office.  Pole  mounted  equipment  also  is  available  for 
such  use  as  at  an  isolated  submarine  cable  for  intermediate 
locations  on  long  toll  cables,  and  for  mounting  on  the  exterior 
wall  of  a  central  office  where  space  for  it  inside  the  building 
is  not  available.  The  dry  air  is  injected  into  underground  and 
burial  cables  at  a  pressure  of  about  nine  pounds  per  square  inch 
(psi)  and  at  least  six  psi  in  aerial  cables.  The  lower  applied 
pressure  in  aerial  cables  allows  for  expansion  of  the  air  in 
the  cables  during  high  daytime  temperatures  without  creating 
excessive  internal  pressures  which  can  cause  the  larger  sizes 
of  lead  sleeves  to  swell.  For  example,  a  pressure  of  I.9  psi  in 
a  cable  at  3ara  may  rise  to  2.9  psi  at  3pm  with  a  variation  of 
temperature  from  50°  to  70°.  At, least  2  psi  is  desired  at  the 
distant  ends  of  the  exchange  cables  although  a  pressure  as  low 
as  1  psi  will  prevent  entra,nce  of  moisture.  Ten  miles  or  more 
of  exchange  service  types  of  paper  cable  in  one  run  can  be 
pressurized  from  one  location.  It  is  customary  to  consider 
five  to  eight  miles  the  maximum  length  for  paper  toll  or  trunk 
cable  pressurization  from  one  location.  Polyethylene- insulated 
cable  can  be  pressurized  for  considerably  greater  distances 
than  paper  cable  from  one  pressure  source. 


*0.  P.  nitrogen  gas  is  "Oil  Pumped  Nitrogen  Gas,"  a  specific  grade  of  dry 
nitrogen  gas.  '' 
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3-02  Evidence  of  leaks  in  the  sheath  of  cahle  under  pressure  is  given 
hy  excessive  flow  of  air  into  the  cable  from  the  compressor 
unit;  by  the  check  of  pressure  at  test  valves  spaced  along  the 
cable;  and  in  exchange  cable  by  operation  of  contactor  devices 
vhich,  in  case  of  pressure  failure,  place  a  270,000  ohm  resistance 
across  a  subscriber  line  cable  pair.  The  lines  used  by  the  con- 
tactors must  be  tested  periodically  from  the  central  office  to 
determine  whether  or  not  the  pressure  has  failed  and  the  resist- 
ance.has  been  connected  across  the  line  at  the  contactors.  This 
brief  use  of  the  lines  is  the  only  effect  on  their  service. 
These  line  tests  may  be  necessary  as  often  as  daily  or  as 
infrequently  as  monthly  depending  on  weather  conditions. 

3.03  Pressurization  will  detect  and  permit  the  locating  of  lead 
sheath  crystallization,  ring  cuts,  porous  solder  work, 
electrolysis  and  other  corrosion,  et  cetera,  which  are  not 
accompanied  by  conductor  mechanical  damage.  Pressurization 
also  will  indicate  major  sheath  damage  such  as  by  bullets,  fire, 
electrical  bums,  et  cetera,  occurring  to  either  lead  or  plastic 
sheath  cable.  The  "initial"  leak  clearing  mentioned  in  paragraph 
2.02  is  done  after  the  application  of  pressure  to  the  cables. 
Minor  leaks  do  not  permit  much  loss  of  air  and  usually  are 
ignored  in  the  initial  cleanup  work.  It  is  not  necessary  to 
make  cable  "air-tight"  before  air  pressure  is  applied.  Only 
the  leaks  which  interfere  with  maintaining  pressure  need  be 
initially  located  and  repaired.  The  last  step  in  the  construction 
work  is  the  installation  of  the  contactors,  after  the  completion 
of  the  cleanup  work. 

3.0if  Cold  resin  pressure  "plugs"  (dams)  are  required  in  stubs  of 

non-airtight  terminals;  at  junctions  of  paper  and  polyethylene- 
insulated  cables  if  the  latter  may  now  or  later  use  ready- 
access  enclosures  and  are  non-pressurized;  at  points  along  a 
cable  at  about  one  mile  intervals  to  sectionalize  the  system 
for  test  purposes,  with  by-pass  connections  bridging  the  plugs 
to  permit  air  flow  and  shutoff ;  and  in  central  office  entrance 
cables  to  block  air  flow  into  the  tip  cables. 

3.05  Plugs  can  be  made  by  sheath  injection  or  sleeve  injection  of 
resin  sealing  compound.  The  diameter  of  the  cable,  tightness 
of  the  core,  the  distances  to  the  nearest  splice  and  the  kind 
of  sheath  material  determine  which  of  the  two  methods  should 
be  used  in  a  particular  case.  The  sheath  injection  method  can 
be  used  on  lead  sheath  stubs  of  non-airtight  terminals  and  on 
lead  sheath  cables  up  to  l-l/J|-  inch  diameter.  The  sleeve 
injection  method  is  used  on  larger  lead  sheath  cables,  cables 
with  loose  cores,  cables  with  paper  wrap  around  the  core  and  on 
plastic- jacketed  cables. 
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3.06  Pressure  testing  valves  placed  at  intervals  along  an  aerial  cable, 
for  example,  about  l/h  mile  permit  pressure  readings  which  can 

be  plotted  on  a  giraph  to  assist  in  approximately  locating  a 
sheath  leak.  These  vailves  can  be  placed  on  poles  at  a  convenient 
height  above  ground,  with  copper,  lead  or  plastic  tubing  connecting 
them  to  the  cable  sheaths. 

3.07  A  contactor  such  as  mentioned  in  paragraph  3*02  can  be  attached 
1,000  to  2,000  feet  from  the  end  of  a  cable  and  adjusted  to 
place  its  270,000  ohm  resistance  across  a  cable  pair  serving 

a  subscriber  line  when  the  pressure  falls  below  a  predetermined 
figure,  usually  2  psi.  No  immediate  alarm  is  given  by  this 
operation.  It  is  necessary  to  make  a  voltmeter  or  ohmmeter  test 
of  such  lines  periodically.  Preferably,  no  open  wire  should  be 
connected  to  the  cable  pair  used  for  this  alarm.  Also,  indi- 
vidual line  rather  than  party  line  cable  pairs  preferably 
should  be  used.  Only  one  contactor  should  be  assigned  to  any 
one  cable  pair.  Subscriber  lines  are  used  for  the  contactors 
to  avoid  use  of  cable  pairs  simply  for  alarm  use  and  for  ease  of 
testing  the  pairs  at  the  central  office,  particularly  if  the 
office  has  a  "test  train." 

3.08  The  rate  of  air  flow  through  a  cable  depends  on  its  type  and 
size.  From  50  to  70  percent  of  the  volume  of  a  paper  cable 
is  space  which  permits  air  flow.  Different  types  of  cable 
vary  widely  in  their  air  flow  (pneujnatic)  resistance.  For 

a  given  number  of  pairs  in  a  cable  the  resistance  increases  as 
the  gauge  number  increases.  For  example,  a  25-pair,  22-gauge 
paper  cable  has  more  resistance  than  a  25  pair,  19-gauge 
paper  cable.  As  a  resiilt  of  the  pneiiraatic  resistance  and  the 
small  leaks  in  a  sheath,  the  pressure  decreases  as  the  distance 
from  the  air  pressure  source  increases.  The  pressure  may 
gradually  decrease  from  the  6  or  9  Psi  at  the  source  to  a 
value  not  much  above  the  2  psi  desired  at  the  end  of  a  cable. 
Therefore,  a  leak  of  a  certain  size  will  give  greater  loss  of 
air  if  the  leak  is  near  the  air  source  than  if  it  is  near  the 
low  pressure  end. 

3.09  Pneiomatic  resistance  per  thousand  feet  of  cable  is  the  measure 
of  air  flow  through  a  cable.  The  volume  of  air  that  will  flow 
through  a  cable  decreases  with  increase  of  cable  length  and 
increases  with  increase  in  pressure.  The  pneumatic  resistance 
of  a  cable  can  be  determined  only  by  test.  Various  types  and 
sizes  of  cable  can  be  related  to  a  'basic"  cable  one  inch  in 
diameter  8,nd  1,000  feet  long  which  arbitrarily  can  be  considered 
as  having  1.0  unit  of  pneumatic  resistance.  If  one  poimd  of  air 
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pressure  is  applied  at  one  end  of  such  a  paper  cable,  air  will 
flow  out  the  other  end  at  one  cubic  foot  per  hour.  Approximate 
total  pneumatic  resistance  per  1,000  feet  for  typical  exchange 
type  paper  cable,  which  data  are  useful  in  cable  pressurization 
system  planning,  are  given  in  Table  1. 

TABLE  1 

Cable  Pneumatic  Resistance  * 

No.  of  Pairs    Gauge  of  Conductors,  Paper- Insulated  Cable 

19  22  2k 


Total  Pneumatic  Resistance  per  1,000  Feet 


3 


16 

15 

1^0 

50 

26 

10 

25 

40 

51 

6 

15 

20 

76 

k 

10 

16 

101 

3 

7.5 

13 

151 

2 

5 

10 

202 

1.5 

k 

8 

303 

1.0 

3 

5 

kok 

0.8 

2 

k 

*   Divide  these  values  by  5  for  design  work  on  polyethylene- 
insulated  cable . 

3.10  Definite  and  complete  data  for  polyethylene- insulated  cable  of 
£lL1  sizes  are  not  available.  The  results  on  sizes  tested  to 
date  indicate  that  the  values  are  considerably  lower  and  more 
erratic  for  polyethylene- insulated  than  for  paper- insulated 
cables  of  the  same  diameter  or  number  of  pairs,  probably  because 
of  the  erratic  space  fill  and  the  smoother  polyethylene  surface 
of  the  wire.  An  approximation  is  that  the  pneumatic  resistance 
of  polyethylene-insulated  cable  is  about  I/5  that  of  paper- 
insulated  cable.  This  means,  for  example,  that  the  definite 
monitoring  range  for  a  50-pair,  polyethylene -insulated  cable 
will  be  about  five  times  longer  than  for  a  50-pair,  paper  cable. 

3.11  The  pressure  contacting  devices  mentioned  in  paragraph  3.02 
"monitor"  the  cable.  One  monitoring  range  is  called  the 
"definite"  monitoring  range.  The  other  is  called  the  "indefinite" 
monitoring  range.  The  definite  monitoring  range  is  considered 

to  extend  in  any  direction  from  the  contactor,  in  which  a  leak 
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within  the  range  will  cause  the  contactor  operation  in  about 
eight  hours  or  less.  This  range  extends  to  a  distance  from  the 
contactor  to  a  pneumatic  resistance  of  20.  The  indefinite 
monitoring  range  extends  back  toward  the  source  of  the  air 
pressure  beyond  the  pneumatic  resistance  of  20. 

3.12  The  definite  monitoring  range  of  20  requires  a  contactor  to 

be  adjusted  to  close  its  contact  if  the  setting  is  0.5  psi  below 
the  normal  pressure  at  the  contactor  location.  This  normal 
pressure  should  be  decided  by  taking  at  least  three  readings  at 
the  contactor  location,  preferably  between  8  and  9am  or  k   to 
5pm.  A  large  leak  in  a  sheath  between  the  contactor  and  the 
air  source  or  in  any  branch  of  the  feeder  cable  within  the 
pneumatic  resistance  of  20  from  the  contactor  will  operate  the 
contactor.  If  the  leak  is  at  a  pneumatic  resistance  of  more  than 
20  beyond  the  contact  away  from  the  air  source,  no  contactor 
operation  may  result  or  it  may  result  only  after  a  long  period 
of  time.  If  the  leak  is  between  the  air  source  and  the  con- 
tactor and  at  more  than  a  pneijmatic  resistance  of  20,  the  con- 
tactors will  always  operate  but  after  an  uncertain  time  which 
will  depend  on  the  pneumatic  resistance  to  the  leak.  This  time 
interval  may  be  a  matter  of  days. 

3-13  A  small  leak  in  a  small  cable  often  is  more  damaging  than  the 

same  size  leak  in  a  larger  cable  because  the  small  cable  is  likely 
to  be  at  a  considerably  greater  distance  from  the  air  pressure 
source  where  the  pressure  probably  will  be  much  less.  The 
reason  is  that  the  slow  rate  of  air  flow  and  low  pressure  in  a 
small  cable  may  permit  negative  pressure  when  the  cable  gets 
cold  and  this  may  allow  moisture  to  enter  the  sheath  even  though 
it  is  pressurized.  Therefore,  the  primary  advantage  of  pressur- 
ization  of  the  small  cables  of  considerable  length  is  for  the 
assistance  given  in  locating  trouble  rather  than  protection 
against  moisture. 

3.1^  The  capacity  of  the  pressurizing  equipment  required  depends  on 

the  number,  size,  type  and  sheath  miles  of  cable  to  be  pressurized. 
In  estimating  the  capacity  required  it  is  safe  to  assume  that 
ten  cubic  feet  of  air  per  day  or  less  will  be  required  per  mile 
of  cable  sheath  placed  under  continuous  pressure.  Cables  in 
good  condition  nonnally  will  use  considerably  less  than  this 
amount  of  air. 

3.15  One  type  of  compressor-dryer  commercially  available  drys  the 

air^by  refrigeration.  All  of  the  compressing  and  drying  equipment 
is  in  one  cabinet.  Room  air  is  compressed,  delivered  to  a  storage 
tank,  cooled  to  a  sub-zero  temperature  and  then  expanded  to  the 
pressure  desired  for  application  to  the  cables.  The  air  passes 
through  a  small  de sic cant  tower  which  drys  the  air  during  the 
short  defrost  cycle.  This  tower  is  self-reactivating  and  the 
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deslccant  does  not  have  to  "be  changed.  These  actions  condense 
a^^remove  about  98  percent  of  the  moisture  in  the  air  at 
70°F.  The  cabinet  has  an  output  pressure  gauge  and  a  humidity- 
sensing  device  which  gives  an  alarm  if  the  humidity  of  the 
output  exceeds  a  predetermined  value.  The  moisture  is  condensed 
and  the  resulting  water  automatically  discharged  into  a  drain 
or  pail.  A  small  unit  may  discharge  as  much  as  a  gallon  of 
water  per  month  in  very  humid  weather.  This  type  of  compressor- 
dryer  has  high  pressure  and  output  pressure  gauges,  a  temperature 
gauge  and  humidity  alarm,  and  is  available  in  a  small  250  cubic 
foot  per  day  size. 

3.16  Other  available  types  of  compress or- dryer  equipment  use 
desiccant  instead  of  refrigeration  for  drying  the  air.  Certain 
of  these  use  a  desiccant  container  which  requires  a  replacement 
of  the  desiccant  every  six  to  eight  months.  The  compressor  is 
in  the  same  cabinet  as  the  dryer  unit  in  one  available  small 
size  unit.  The  compressor  and  dryers  are  separate  units  in 
some  larger  models.  These  models  all  include  output  pressure 
gauges  and  hiimidity  alarms.  These  types  of  compressor-dryers 
also  remove  about  98  percent  of  the  humidity  from  the  air  then 
deliver  at  70°?.  The  smallest  size  unit  of  this  type  presently 
available  has  a  capacity  of  about  250  cubic  feet  per  day. 

3.17  Cables  can  be  pressurized  readily  if  they  do  not  have  "filled" 
splices;  that  is,  splices  filled  with  paraffin,  resin  or  other 
solid  compounds  which  will  block  the  air  flow  through  them  and 
if  they  do  not  use  ready-access  enclosures.  Filled  splices 
and  ready-access  enclosures  will  require  by- pass  tubes.  Ready- 
access  enclosures  also  will  require  "plugs"  on  each  side  of 
them. 


3.18 


Air  feed  to  the  individual  cables  is  supplied  through  air  flow 
indicators  at  the  pressurizing  equipment  location.  A  gas  meter 
is  installed  in  the  main  air  feed  to  the  air  flow  indicators. 
The  air  flow  indicators  show  the  rate  of  air  flow  to  the 
individual  cables  and  the  gas  meter  shows  the  total  flow  to  all 
the  group  of  cables  served  by  the  air  flow  indicators.  These 
devices,  together  with  the  pressure  contactors,  give  indications 
of  serious  leaks. 


J 


3.19  Cable  trouble  made  evident  by  the  low  pressure  at  a  pressure 
contactor  or  by  excessive  air  flow  at  the  central  office  can 
be  traced  down  to  a  section  of  cable  between  by-pass  valves 
by  taking  pressure  readings  at  pressure  testing  valves.  A 
chart  made  of  these  readings  will  show  the  approximate  leak 
location.  Ttie  preparation  of  such  a  chart  is  described  in 
paragraph  I3.  If  the  section  is  aerial  cable,  the  leak  can 
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"be  found  "by  use  of  a  portable  spray  leak  detector  which  causes 
buhhles  at  a  leak.  This  is  a  three-nozzle  device  which  can  he 
attached  to  the  end  of  a  jointed  pruner  pole,  connected  hy 
plastic  tube  to  a  tank  of  water- concentrate  solution  under 
pressure.  The  tank  has  its  own  pressure  pump  for  manual  operation 
and  the  tank  can  be  carried  in  a  harness  on  the  tester's  back. 
The  tank  also  can  have  the  pressure  supplied  through  a  tube 
from  a  small  cylinder  which  contains  0.  P.  nitrogen  gas.  The 
tank  has  a  valve  for  attachment  of  this  tube.  Control  of  the 
spray  is  by  hand-operated  valve.  The  two  tanks  are  carried  on 
a  two  wheel  cart.  The  tank  without  the  gas  cylinder  is  suitable 
for  use  in  rural  areas  where  the  terrain  prevents  the  use  of 
the  cart.  Leaks  in  underground  cables  in  manholes  also  can 
be  located  by  the  spray  test  method.  The  solutions  used  in 
spray  testing  of  cables  differ  for  plastic  and  lead-sheath  cable. 
The  solution  used  for  lead  cable  is  damaging  to  polyethylene 
sheath.  For  lead- sheath  cable  one  type  of  solution  is  necessary 
if  the  temperature  at  the  time  of  testing  is  above  32°  and  a 
different  solution  if  below  32°.  This  method  of  leak  locating 
is  described  in  detail  beginning  at  paragraph  12.09. 

k,     PRESSURIZATION  BQUIPMEMT  (See  Figure  l) 

l+.Ol  Compressor- dryer  equipment,  air  flow  indicators,  gas  meters, 
valves,  contactors,  et  cetera,  are  commercially  available 
products.  A  typical  compressor-dryer  unit  capable  of 
continuously  producing  about  250  cubic  feet  of  air  per  day 
can  be  operated  on  115  volts,  60  cycle,  single  phase  power. 
It  will  require  less  than  10  amperes  of  current.  They  should 
be  capable  of  producing  air  pressure  up  to  15  psi  and  have 
adjustable  high  and  low  pressure  alarms.  The  guaranteed 
humidity  of  the  delivered  air  should  not  exceed  two  percent 
at  70*^.  Such  units  will  occupy  six  square  feet  or  less  of 
floor  area  for  the  compressor  and  dryer  equipment.  A  drain 
pail,  if  used,  is  external  to  the  compressor-dryer  unit. 

i+.02  The  air  flow  indicators  mentioned  in  paragraph  3.I8  are 
available  in  units  of  3,  5  or  10  mounted  on  a  manifold. 
These  indicators  and  the  gas  meter  are  on  a  panel  designed 
for  wall  mounting.  Each  indicator  includes  a  shut-off  valve 
mo\inted  beneath  it  to  stop  air  flow  in  a  badly  leaking  cable  or 
one  that  is  being  opened  up  by  splicers.  Splice  openings 
might  overload  the  compressor.  Each  indicator  also  has  a 
pressure  testing  valve  at  its  top.  If  more  than  ten  cables 
are  involved,  two  or  more  \inits  of  indicators  can  be  used,  each 
unit  of  ten  indicators  having  its  own  gas  meter.  Plastic 
tubing  is  used  to  connect  each  indicator  to  a  cable  that  is 
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to  be  pressurized.  A  shut- off  valve  should  be  in  the  main 
air  feed  line  from  the  dryer  to  the  air  rate  indicator  \inits. 
Each  air  rate  indicator  should  be  the  type  that  contains  two 
balls,  one  of  which  is  black  plastic  and  the  other  stainless 
steel  in  a  glass  tube  with  the  black  ball  above  the  steel  ball. 
Normal  air  flow  will  lift  the  black  ball.  Abnormal  air  flow 
will  lift  both  the  black  and  the  steel  balls.  The  glass  tube 
is  graduated  on  one  side  for  the  black  ball  and  on  the  other 
for  the  steel  ball.  One  scale,  for  low  pressure,  gives  flow 
rate  indicated  by  the  black  ball  position.  The  other  is  a 
higher  pressure  scale  which  shows  the  flow  rate  indicated  by  the 
steel  ball  position.  The  low  pressure  scale  has  a  sliding  pointer 
which  can  be  set  at  a  point  of  normal  flow.  The  scales  indicate 
the  flow  rates  in  cubic  feet  per  hour. 

Pressure  testing  valves  spaced  along  a  cable  are  similar  to  the 
valves  on  an  automobile  tire.  They  permit  taking  pressure 
readings  by  means  of  a  gauge  designed  for  the  purpose .  They 
also  permit  injection  of  0.  P.  nitrogen  gas  from  cylinders 
in  emergencies  such  as  when  the  compressor-dryer  unit  fails  or 
when  an  opening  is  to  be  made  in  a  cable  sheath  and  it  is 
considered  desirable  to  maintain  as  much  pressure  as  practicable 
in  the  opened  cable.  Pressure  testing  valves  usually  are  located 
at  riser  poles  if  there  is  any  considerable  amount  of  underground 
cable  between  the  aerial  cable  and  the  central  office.  From 
there  out  to  the  end  of  an  aerial  cable  the  valves  are  spaced 
about  l/k  mile  apart.  A  valve  is  placed  at  the  end  of  each 
branch  cable  if  it  exceeds  about  500  feet  in  length.  For  buned 
cable  the  spacing  of  valves  can  be  about  l/2  mile  apart.  A 
valve  is  a  part  of  each  pressure  contactor.  Valves  can  be 
attached  to  both  lead  sheath  and  the  plastic  sheath.  The 
method  of  attachment  to  plastic  sheath  depends  on  the  type  of 
cable  and  whether  it  is  aerial  in  underground  duct  or  buried. 

By-pass  valves  shown  in  Figure  2  are  required  to  give  a  continuous 
flow  of  air  around  a  pressure  plug,  a  filled  sleeve  or  a  ready- 
access  enclosure.  Three  types  are  available  all  of  which  include 
a  shut-off  valve.  One  type  is  a  simple  shut-off  valve  wxth  two 
in-line  projecting  pipe  tubes.  The  other  two  types  called  the 
Dual  Stem  By-Pass  Valves  have  the  shut-off  valves  plus  two 
pressure  testing  valves,  one  of  which  is  on  each  side  of  the^ 
shut-off  point.  The  one  not  shown  in  Figure  2  has  the  two  pipe 
tubes  in  line  in  a  manner  similar  to  the  valve  without  the 
pressure  testing  valves  in  this  figure.  As  it  has  two  pressure 
testing  valves  it  is  desirable  for  mounting  on  a  plug  sleeve. 
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It  has  an  advantage  in  that  its  control  screw  is  visible  when 
turned  ||on"^and  not  visible  from  the  ground  when  it  is  turned 
to  the  "off"  position.  The  pressure  testing  valves  are  desirable 
on  each  side  of  a  plug  or  filled  sleeve  to  permit  check  of 
pressure  in  the  cable  in  each  direction  when  the  by-pass  valve 
is  closed.  Paragraph  8  describes  the  installations  of  these 
by-pass  valves  and  the  related  pressure  testing  valves.  The 
illustrated  by-pass  with  the  two  pressure  testing  valves  is 
used  where  buried  cable  is  plugged  imderground.  For  this 
situation  two  tubes  are  brought  up  an  adjacent  stub  pole  to 
the  by-pass.  It  also  is  used  where  aerial  cable  has  a  plug  and 
the  pressure  testing  valves  are  desired  at  the  base  of  the  pole. 
On  an  underground  cable  in  ducts  this  dual  valve  is  mounted  on 
the  manhole  cover  frame  where  it  is  readily  reached  when  the 
cover  is  removed. 


5.  PRESSURIZATION  TOOLS  MD   SUPPLIES 


5.01 
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5.02 


Pressurization  tools  and  supplies  indicated  below  and  mentioned 
in  various  paragraphs  herein  are  those  which  REA  is  aware  of 
at  present.  The  infomation  is  provided  with  the  specific 
understanding  that  REA  does  not  endorse  or  give  advance  approval 
to  any  persons  or  firms  offering  goods  or  services  to  its 
borrowers.  There  may  be  other  such  items  unknown  to  REA  which 
are  available  and  suitable  for  use. 

The  installation  of  cable  pressurization  systems  requires 

tools  and  supplies  including  those  listed  below:   (See  Figure  2) 

1/k   Inch  Cable  Drill  -  For  boring  lead  cable  sheath  or 
sleeves  for  C  Pressure  Testing  Valve  installation  and  for 
a  hole  at  a  B  Pressure  Flange  on  cable  smaller  than  one 
inch  diameter. 

1/k   Inch  Cable  Drill  Bit  -  Extras  required. 

3/8  Inch  Cable  Drill  -  For  boring  lead  sheath  on  sleeves 
for  D  Pressure  Testing  Valve  installation  on  cable  over 
one  inch  diameter. 

3/8  Inch  Cable  Drill  Bit  -  Extras  required. 

B  Flange  Clamps  -  For  holding  C  Pressure  Flanges  in  place 
while  soldering  it  to  lead  sheath  or  sleeve.  Consists  of 
a  Cham  with  a  hook  at  each  end  and  a  spiral  spring  in  the 
middle . 
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C  Flange  Clamps  -  For  holding  B  Pressure  Flange  in  place 
while  soldering  it  to  lead  sheath  only.  Consists  of  a  spring 
clip,  one  jaw  of  which  has  a  pilot  for  holding  and  centering 
the  flange  over  a  hole  hored  in  the  sheath. 

B  Sheath  Lifter  -  For  raising  lead  sheath  at  sealing  compound 
injection  hole  in  cahle  over  one  inch  diameter. 

C  Pressuire  Gun  -  For  injecting  sealing  compound  into  cahle 
through  a  D  Pressure  Flange.  Capacity  3OO  grams  of  compound. 

B  Pressure  Gun  Holder  -  For  supporting  the  C  Pressure  Gun 
while  loading  it.  Attaches  to  pole  on  ladder. 

C  Adapter  Nozzle  -  Permits  use  of  C  Pressure  Gun  at  B 
Pressure  Flanges.  Required  "because  of  differences  in  threads 
of  the  flanges. 

B  Cable  Core  Depressor  -  For  depressing  cable  core  at  injection 
hole . 

B  Cleaning  Rod  -  For  stirring  sealing  compound  and  for  clesining 
gun  nozzle  and  adapter. 

KS- 16302  Cleaning  Fluid  -  For  cleaning  pressure  gun.  Pint 
cans,  non-flaranable  and  not  a  solvent. 

Orange  Stick  -  For  penetrating  core  to  facilitate  injection 
of  sealing  compound  into  cable. 

B  Pressure  Flange  -  Brass  fitting,  solders  to  lead  cable 
sheath  up  to  one  inch  diameter  over  hole  bored  with  l/k   inch 
cable  drill  for  injection  of  sealing  compound  by  pressure  gun. 
Inside  threads  are  l/k   inch  United  States  Standard. 

C  Pressure  Flange  -  Tinned  bronze  fitting,  solders  to  lead 
cable  sheath  or  sleeve,  permits  boring  hole  through  sheath  or 
sleeve  with  l/k   inch  cable  drill.  For  supporting  F  Pressure 
Testing  Valve,  F  Pressure  Testing  Ell  or  making  a  temporary 
vent.  Inside  threads  are  I/8  inch  pipe  threads. 

D  Pressure  Flange  -  Tinned  bronze  fitting,  screws  into  3/8  inch 
cable  drill  hole  in  lead  cable  sheath  over  one  inch  diameter 
or  on  lead  sleeves,  for  making  plugs  by  sealing  compound 
injection.  Also,  for  supporting  B  Pressure  Ells  at  by- pass 
valve  installations.  Inside  threads  are  I/8  inch  pipe  threads. 
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C  Pressure  Flange  Plug  -  Hexagon  head  brass  screw  for 
sealing  C  and  D  Pressure  Flanges  and  B  Pressure  Ells. 
Has  1/8  inch  pipe  threads . 

D  Sealing  Compound  *  -  100  gram  (68  grams  of  resin  and  32 
grams  of  activator)  for  plugs  in  paper  or  polyethylene - 
insulated  cable,  with  or  without  glass  mill  end  fibers. 
The  fibers  are  in  separate  plastic  bag. 

D  Sealing  Compound  ^  -  3OO  gram  (20^^  grams  of  resin  and  96 
grams  of  activator)  for  plugs  in  paper  or  polyethylene- 
insulated  cable,  with  or  without  glass  mill  end  fibers. 

Kerodex  71  Protective  Hand  Cream  -  h   ounce  tubes  (available 
at  drug  stores)  water  repellent,  for  application  to  hands 
before  making  sealing  compound  plugs. 

Kerodex  5I  Protective  Hand  Cream  -  h   ounce  tubes  (available 
at  drug  stores)  washable,  for  application  to  hands  over 
application  of  Kerodex  71. 

C  Pressure  Testing  Valve  -  For  mounting  on  lead  cable  sheath 
or  sleeve.  Screws  into  hole  bored  with  lA  Inch  cable  drill. 

F  Pressure  Testing  Valve  -  For  mounting  on  metal  splice 
cases  or  on  C  and  D  Pressure  Flanges  on  lead  cable  sheath 
or  sleeve.  Has  I/8  inch  pipe  threads. 

Valve  Repair  Tool  -  Threads  C  Pressure  Testing  Valves  into 
1/4  inch  cable  drill  hole  in  lead  cable  sheath  or  sleeve. 

C  Pressure  Gauge  -  With  I8  inch  chuck  ended  rubber  hose  and 
leather  carrying  case,  tests  0  to  12  psi.  Chuck  permits 
application  to  pressure  testing  valves. 

By-pass  Valve  -  For  isolating  a  section  of  cable  by  blocking 
air  flow  in  a  plug  by-pass;  designed  for  lashing  to  cable 
strand  or  sleeve. 

Dual  Stem  By-pass  Valve  -  For  isolating  a  section  of  cable 
by  blocking  air  flow  in  a  plug  by- pass.  Designed  for 
mounting  on  pole  or  in  manhole. 


*If  the  sealing  compound  is  for  use  in  polyethylene -insulated  cable,  the 
compound  is  ordered  with  "Glass  Mill  End  Fibers"  which  are  supplied  at 
no  extra  cost. 
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B  Pressure  Testing  Ell  -  For  by-pass  connections  at  plugs 
or  filled  sleeves  by  means  of  lead  pipe  and  by- pass  valves, 
has  an  F  Pressure  Testing  Valve  on  one  end,  has  l/8  inch  pipe 
threads  to  fit  C  or  D  Pressure  Flanges  and  flanges  of  splice 
cases. 

Pressure  Testing  Ell  -  Solders  to  lead  cable  sheath  or  sleeve 
in  hole  bored  by  1/k   inch  cable  drill,  silso  solders  to  l/2 
inch  OD  lead  pipe  for  by-pass  connections  where  pressure  testing 
is  unnecessary,  as  at  a  filled  sleeve. 

IVfetle  Elbov,  l/k   Inch  -  For  attaching  l/k   inch  OD  plastic  tubing 
to  a  C  or  D  Pressure  Flange  on  cable.  Dekoron  EZ  Fitting 
No.  P6-ii-2  or  equivalent.  Has  l/8  inch  pipe  threads  to  fit 
flange  threads. 

Street  Elbow,  l/8  Inch  -  Has  l/8  inch  male  threads  at  one  end 
for  threading  into  C  or  D  Pressure  Flanges  or  into  splice 
case  flanges,  with  1/8  inch  female  threads  on  other  end.  For 
use  at  flanges  in  the  side  of  cable  or  splice  case  to  permit 
pressure  gun  to  be  vertical. 

M  Pressure  Testing  Valve  Cap  -  Hexagon  shape  for  tightening 
with  wrench  to  prevent  tampering. 

Soldering  Fonti  l/2  Inch  Round  -  For  use  in  soldering  flanges 
to  lead  cable  sheath  or  sleeve. 


Cable  Mounted  Contactor  -  Type  M  or  United  Electric  Controls 
Company  Type  J31-5333  Pressure  Guard  or  equivalent. 

Pole  Mounted  Contactor  -  Type  L  or  United  Electric  Controls 
Company  Type  J31-5338  Pressure  Guard  or  equivalent. 

Lead  Pipe,  l/k   Inch  ID,  l/2  Inch  OD  -  For  connecting  by-pass 
valves  to  pressure  testing  ells. 

Lead  Lashing  Wire  -  AT663^  or  Equivalent  -  For  lashing  lead 
pipe  and  by- pass  valves  to  strand  and  cable. 

Plastic  Tubing,  3/8  Inch  OD  -  For  use  from  compressor-dryer 
to  air  flow  meter  panel  in  centraJi  office. 

Plastic  Tubing,  l/k   Inch  OD  -  For  use  from  air  flow  meter 
panel  to  individual  cables  in  central  office. 

Connector,  l/k   x  l/8  Inch  -  For  connecting  l/k   inch  ID  copper 
tubing  to  air  flow  meter  panel  and  to  compressor-dryer. 


-16- 


^ 


it,t«t.lnm 


REA  TE  &  CM- 614-6 


^ 


Pipe  Joint  Compound  -  "Pipetite- stick"  or  equivalent — for 
application  to  all  threads  at  threaded  connections . 

0.  P.  Nitrogen  Gas,  22l4-  Cubic  Foot  Cylinder  -  For  supplying 
pressure  to  cahle  at  time  of  initial  pressurization  and  for 
charging  25  cubic  foot  cylinders. 

0.  P.  Nitrogen  Gas,  25  Cubic  Foot  Cylinder  -  For  supplying 
pressure  to  4-1/2  gallon  tank  in  sp2ray  testing  work.  Charged 
from  22U  cubic  foot  cylinder  through  Cylinder  Charging 
Connector. 

Cylinder  Charging  Connector  -  For  charging  25  cubic  foot 
cylinders  with  0.  P.  nitrogen  gas  from  a  22l4-  cubic  foot 
cyliner. 

Tank  Carrier  -  Cart  for  carrying  h-l/^   gallon  spray  solution 
tank  and  25  cubic  foot  0.  P.  nitrogen  gas  cylinder. 

Pressure  Regulator,  Airco  Style  8U29,  AT6656  or  Equivalent  - 
For  reducing  pressure  output  of  224  cubic  foot  0.  P.  nitrogen 
gas  cylinder  when  injecting  gas  into  cable . 

Plastic  Tubing  -  Equipped  with  fittings  for  attachment  to 
224  cubic  foot  0.  P.  nitrogen  gas  cylinder  and  to  a  pressure 
testing  valve,  25  foot  length. 

Flash  Leak  Tester  -  For  testing  valves  and  cable  splicing 
work,  with  finger-operated  pump  for  spraying  water- concentrate 
solution. 

Winton  One -Wheel  Roll  Sprayer  -  Three  nozzle  sprayer  with 
4-1/2  gallon  tank  for  water  concentrate  solution,  fluid 
line,  hand  pump  and  carrying  harness — for  spray  testing 
aerial  cable . 

Fiberglas  Pruner  Pole  -  Three  six  foot  sections  and  one  three 
foot  section. 

Spray  Drip  Deflector  -  Synthetic  rubber  disk  for  placing  on 
pruner  pole  while  spray  testing. 

C  Pressure  Testing  Concentrate  -  For  use  on  lead  cable  at 
temperatures  above  32°F. 

B  Pressure  Testing  Concentrate  -  For  use  on  polyethylene 
sheath  cable  at  temperatures  above  5°F. 
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D   Pressure  Testing  Concentrate  -  Foi-  use  on  lead  sheath 
cables  at  temperatures  between  5°  and  32°F. 

Splicing  Materials  -  As  required  for  making  tape-wrapped 
joints  between  a  lead  sleeve  and  polyethylene  sheath  as 
described  in  KEA  Standard  Specification  PC-3,  "Straight 
Splicing  Thennoplastlc  -  Insulated,  Thermoplastic -Sheathed 
to  Paper-Insulated,  Lead-Sheathed  Cables  Used  on  Telephone 
Systems  of  REA  Borrowers . " 

6.   CABLE  PLUGGING  PROCEDURE 

6.01  Cable  plugs  can  be  made  successfully  by  methods  and  with 

materials  other  than  described  herein.  The  methods  suggested 
in  the  following  paragraphs  have  been  in  use  a  few  years 
with  satisfactory  results.  The  methods  not  described  herein 
make  use  of  other  types  of  pressure  guns  and  resin  compounds. 
Resin  compounds  for  certain  of  the  other  guns  are  packaged 
in  plastic  containers  that  they  cannot  touch  the  operator's 
hands  and  thus  the  use  of  the  protection  hand  creams  are  not 
required. 

Pressure  plugs  preferably  should  be  made  in  cable  before  air 
pressure  is  applied.  If  the  cable  is  under  pressure,  it  is 
necessary  to  vent  the  cable  on  each  side  of  the  plug  location 
during  the  plugging  operation.  This  can  be  done  by  opening 
pressure  testing  valves  nearby,  by  drilling  temporary  holes 
in  the  sheath  or  by  making  temporary  openings  in  nearby  sleeves 
Non-airtight  distribution  terminal  stub  plugs  should  be  made 
before  the  cable  is  under  pressure,  otherwise  the  stub  should 
be  vented  temporarily  near  the  sleeve. 

6.03  Sheath  Injection  -  Lead-Sheath,  Paper- Insulated  Cable 

6.031  Lead- sheath  cables  and  terminal  stubs  less  than  5/8  inch 
diameter  are  plugged  by  injecting  resin  compound  through 
a  B  Pressure  Flange  soldered  to  the  sheath  over  a  hole 
bored  with  the  l/i<-  inch  cable  drill.  Two  adjacent  B 
Pressure  Flanges  are  required  for  cables  5/8  to  one 
inch  diameter.  Cables  larger  than  one  inch  diameter 
require  two  of  the  D  Pressure  Flanges  for  which  the 
3/8  inch  cable  drill  is  used.  Where  two  flanges  are 
required  they  are  spaced  about  six  inches  apart  and  one 
is  around  the  cable  circumference  90  degrees  from  the 
other  one.  These  can  be  placed  in  vertical,  horizontal, 
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or  curved  cables.  Plugs  in  aerial  cables  should  be  at 
least  30  inches  from  a  splice  or  from  where  one  may  be 
placed  later.  Plugs  in  terminal  stubs  should  be  made 
12  to  18  inches  from  the  nearest  splice  to  prevent 
the  resin  mixture  entering  the  splice. 

6.032  For  plugs  in  the  5/8  inch  or  smaller  lead  cables,  the 
sheath  is  cleaned  with  a  carding  brush  and  coated  with 
stearine  after  which  a  hole  is  bored  using  the  l/k   inch 
cable  drill.  The  core  then  is  depressed  using  the  cable 
core  depressor  and  the  sheath  is  raised  slightly  and  any 
burrs  are  removed.  The  core  wrapping  paper  then  is 
removed  at  the  hole  by  punching  through  it  with  tweezers, 
making  closely  spaced  punch  holes  so  that  the  paper  can 
be  removed.  The  core  then  is  penetrated  carefully  with 
the  orange  stick  lubricated  frequently  with  stearine, 
using  care  not  to  damage  conductor  insulation.  A  type  B 
Pressure  Flange  then  is  cleaned  and  coated  with  stearine, 
put  in  place  and  held  by  a  C  Flange  Clamp.  It  then  is 
soldered  to  the  sheath. 

6.033  For  plugs  in  the  5/8  to  l-l/i;  inch  diameter  lead  cables, 
the  procedure  is  similar  to  that  stated  above  for  small 
cable  as  to  cleaning  the  sheath  and  boring  the  holes. 
The  holes  are  bored  with  the  l/k   inch  cable  drill.  On 
cables  of  one  inch  diameter  or  smaller,  the  core  is 
depressed  and  the  sheath  raised  about  I/16  inch  with  the 
core  depressor.  This  method  of  plugging  also  may  be  used 
on  lead  cables  larger  than  1-l/if  inch  diameter  where  con- 
ditions prevent  the  application  of  a  lead  sleeve.  The 
core  wrapping  paper  is  removed  in  the  hole  by  punching 
through  it  with  tweezers,  making  closely  spaced  holes 

so  that  the  paper  can  be  removed.  The  D  Pressure  Flange 
is  screwed  into  the  hole  using  the  Valve  Repair  Tool. 
The  flange  then  is  soldered  to  the  sheath  and  on  cables 
larger  than  one  inch  diameter  and  the  sheath  is  raised 
using  the  B  Sheath  Lifter. 

6.034  After  a  pressure  flange  has  been  soldered  to  a  lead 
sheath,  the  D  Sealing  Compound  can  be  injected  using  the 
C  Pressure  Gun.  Pressure  plugs  preferably  should  be 
made  at  temperatures  above  i+5°F.  At  temperatures  below 
this  value,  it  is  necessary  to  keep  the  sealing  compound 
and  pressure  gun  in  a  warm  place  until  used  and  the  cable 
sheath  must  be  warmed  by  torch  before  injection  is  made. 
The  large  charge  can  of  resin  for  the  compound  is  not  com- 
pletely filled  and  has  vacant  space  enough  to  hold  the 
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activator  liquid.  The  small  charge  tmit  of  D  resin 
and  D  activator  can  "be  mixed  in  the  pressure  gun.  The 
two  ingredients  are  mixed  with  a  B  Cleaning  Rod,  stirring 
for  at  least  one  minute.  Then  the  rod  is  cleaned  to  pre- 
vent the  mixture  drying  on  it.  The  edge  of  the  can  is 
squeezed  with  eight  inch  pliers  to  form  a  pouring  spout. 
The  cap  smd  plunger  are  removed  from  the  pressure  gun 
and  the  mixture  is  poured  into  it.  The  plunger  is  inserted 
in  the  gun  at  an  angle  to  avoid  trapping  air  in  it.  The 
cap  is  screwed  on  to  hand- tight  fit.  The  gun  then  is 
screwed  into  the  pressure  flange.  The  mixture  is  squeezed 
slowly  into  the  cable  by  turning  the  pressure  gun  ratchet 
wrench  handle.  For  injections  in  cables  that  require 
more  than  one  charge,  successive  charges  are  made  five  minutes 
apart  except  the  final  one  which  should  be  made  15  minutes 
after  the  previous  one.  The  piston  must  not  be  withdrawn 
while  the  gun  is  attached  to  a  flange.  After  the  final 
injection  a  screw  plug  is  inserted  in  the  flange.  If  the 
flange  is  on  the  side  of  a  cable,  a  l/8  inch  street  elbow 
is  used  temporarily  so  that  the  gun  can  be  held  vertically 
while  injection  takes  place.  The  gun  must  be  cleaned 
promptly,  otherwise  the  mixture  in  it  will  harden  and  be 
difficult  to  remove.  Where  two  flanges  are  used,  the 
compound  is  injected  into  one  and  then  the  other,  alternately, 
keeping  the  unused  flange  plugged  (hand-tight  fit)  to  pre- 
vent escape  of  plugging  compoxind.  It  is  necessary  to  use 
a  C  Adapter  Nozzle  with  the  C  Pressure  Gun  when  injections 
are   made  into  B  Pressure  Flanges  because  the  threads  of 
the  gun  fit  the  D  Pressure  Flange  but  not  the  B  Pressure 
Flange . 

6.035  The  resistance  to  turning  of  the  handle  of  the  pressure 
gun  will  indicate  when  the  cable  is  filled  sufficiently. 
If  the  ratchet  handle  cannot  be  turned  any  more  after 
a  short  interval,  it  is  due  to  the  cable  being  filled. 
The  quantities  of  sealing  compound  required  per  plug  for 
various  diameters  of  cable  using  the  C  Pressure  Gun  are 
given  in  Table  2. 
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TABLE  2 

D  Sealing  Conrpound  Requirepi  nts 
For  Lead  Sheath  Injection 


0.  D.   of  Cable  Inches 


.32  to  .65 
.65  to  .73, 
.7^^  to  .83, 
.Qk  to  .90, 
.91  to  .99, 
1.00  to  1.16, 
1.17  to  1.35, 


Inclusive 
Inclusive 
Inclusive 
Inclusive 
Inclusive 
Inclusive 


Number  of  Small* 
Charge  Injections 

1 
2 

3 
k 

5 


Number  of  Large** 
Charge  Injections 


2 

3 


*Small  Charge  consists  of: 
1-68  gram  tube  of  resin 
1  -  32  gram  tube  of  activator 


**Large  Charge  consists  of: 
1  -  20^  gram  can  of  resin 
1  -  96  gram  tube  of  activator 


6.0^  Sleeve  Injection  -  Lead  Sheath,  Paper-Insulated  Cable 

6.0kl     The  sheath  injection  methods  should  be  used  for  plug 

making  for  lead- sheath  cables  up  to  1-l/ii-  inch  diameter. 
The  sleeve  injection  method  should  be  used  for  all 
sizes  of  lead- sheath  cables  exceeding  that  diameter. 
This  type  plug  can  be  made  in  vertical  or  horizontal 
cables.  A  plug  should  be  at  least  20  inches  from  any 
splice  and  that  far  from  any  possible  future  splice. 
Othervd.se  a  plug  can  be  made  anywhere  in  a  span. 
(See  Figure  3) 

6,0h2     For  a  sleeve  injection  in  a  horizontal  cable,  about 
7  inches  of  the  lead  sheath  is  removed  exposing  the 
paper  core  wrap.  The  sheath  ends  are  flared  out 
slightly  and  dry  l/2  inch  cotton  tape  is  lashed 
around  the  paper  wrap  at  each  end  of  the  opening  and 
packed  into  the  sheath  flares.  The  core  paper  wrap 
is  removed  between  the  cotton  tape  wraps.  The  binding 
strings  on  the  conductor  units  or  bundles  are  cut  and 
removed.  The  core  is  probed  through,  using  the  orange 
stick,  first  vertically  and  then  horizontally  to  balloon 
the  core.  Two  dowel  pins  l/k   inch  in  diameter  are  inserted 
through  the  core,  one  vertically  and  the  other  horizontally, 
of  length  equal  to  the  diameter  of  the  ballooned  core. 
Dry  1/2  inch  cotton  tape  is  then  tied  around  the  core 
about  \^ere  the  dowels  are  placed.  A  close-fitting  lead 
sleeve  is  selected,  usually  about  2  inches  longer  than 
the  sheath  opening.  The  D  Pressure  Flange  is  attached 
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to  the  sleeve  at  midpoint.  The  lead  sleeve  is  sawed 
lengthwise  and  the  saw  "burrs  are  cleared  off.  The  sleeve 
is  opened  up  enough  to  permit  placing  it  over  the  cahle 
sheath,  then  closed  up  and  the  seam  soldered.  The  sleeve 
is  placed  so  that  the  flange  is  on  the  top  of  a  hori- 
zontal sleeve.  The  sleeve  is  then  wiped  to  the  sheath 
in  the  same  manner  as  any  lead  splice  sleeve.  The  sealing 
compound  then  can  be  injected.  The  quantities  of  compound 
required  are  given  in  Tahle  3. 

TABLE  3 

D  Sealing  Compound  Requirements 

For  Lead  Sleeve  Injection 


0.  D.  of  Cables-Inches 


.65 

to 

1, 

.2 

1 

.2 

to 

1, 

.6 

1 

.6 

to 

2, 

.0 

2 

.0 

to 

2, 

.25 

Over 

2. 

.25 

N\imber  of  Large  Charges* 


1 
2 

3 
l^ 

5 


*Large  Charge 

1  -  20^  gram  can  of  resin 

1  -  96  gram  tube  of  activator 

6.05  Sleeve  Injection  -  Plastic -Sheath,  Paper- Insulated  Cable 

6.051  The  sleeve  injection  method  for  making  plugs  should  be 
used  for  all  sizes  of  plastic- sheath,  paper- insulated 
cables.  These  include  the  so-called  Alpeth  and  Stalpeth 
types  of  cables.  The  various  types  of  plastic -sheath 
cables  may  have  polyethylene  or  polyvinyl  sheaths. 

Such  cables  may  have  either  longitudinal  or  spiraled 
shields.  The  procedure  for  providing  access  to  the 
core  of  cables  having  spiraled  shields  may  necessitate 
cutting  the  shield,  which  will  require  a  bridging 
metallic  bond  across  the  opening  soldered  to  the  shield 
to  give  electrical  continuity  to  the  shield.  Otherwise, 
the  sleeve  plug  can  be  made  as  described  below  for 
cables  with  longitudinal  shields.   (See  Figure  h) 

6.052  The  lead  sleeves  used  in  this  method  of  plugging  are 
joined  to  the  plastic  sheaths  in  the  manner  and  with 
the  materials  and  tools  described  in  REA  Standard 
Specifications  PC- 3  mentioned  in  paragraph  5.02  under 
"Splicing  Materials . " 
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One  difference  is  that  the  "end  seal"  shown  in 
Figure  2  of  PC- 3  is  omitted.  As  in  the  case  with 
the  sleeve  method  of  plugging  lead- sheath  cable,  the 
lead  sleeves  can  he  used  for  cables  either  in  horizontal 
or  vertical  positions  provided  the  location  is  not  at 
a  bend  in  the  cable.  The  locations  of  the  plugs  should 
be  the  same  as  mentioned  for  lead- sheath  cable  plugs. 

6.053  The  sheath  openings  for  plastic -sheath  cable  having 
no  inner  extrusion  of  plastic  can  be  about  8  inches 
long.  The  metal  shield  is  cut  lengthwise  with  two 
parallel  cuts  about  l/3  of  the  cable  ciixjumference 
apart.  The  metal  is  removed  in  the  2/3  part  and  left 
intact  in  the  l/3  part  to  permit  the  necessary  electrical 
continuity  of  the  shield.  The  strip  of  metal  that  remains 
is  stretched  slightly  to  permit  ballooning  the  conductors. 
Dry  l/2  inch  cotton  tape  is  packed  between  the  sheath 
and  core;  also  between  sheath  layers  to  prevent  spread 
of  sealing  compound  into  the  cable  beyond  the  opening. 
Dry  l/2  inch  cotton  tape  is  lashed  around  the  core  at 
the  ends  of  the  opening.  The  core  wrapping  then  is 
removed,  the  core  is  ballooned  and  two  l/k   inch  diameter 
wood  dowels  are  placed  through  the  core  as  described  in 
paragi-aph  6.0k2.     Two  turns  of  rope  made  by  twisting  dry 
one  inch  cotton  tape  are  then  placed  around  the  core 
under  the  strip  of  shield  as  a  binder.  For  a  sleeve 
injection  in  a  horizontal  cable,  the  split  lead  sleeve 
with  a  flange  attached  can  then  be  placed,  with  the 
flange  on  the  top.  The  sleeve  seam  is  soldered  shut 
and  the  sleeve  is  joined  to  the  sheath  at  both  ends  as 
stated  in  paragraph  6.052.  The  sealing  compound  then 
can  be  injected  through  the  flange  by  pressure  gun.  The 
quantities  of  compound  required  are  the  same  as  given  in 
Table  3. 

6.05^1-  The  procedure  for  plastic- sheath  cable  having  an  inner 
plastic  extrusion  under  the  shield  is  similar  to  that 
stated  in  the  preceding  paragraph.  Exceptions  are  that 
the  sheath  opening  is  made  about  11  inches  long,  that 
the  inner  plastic  extrusion  is  left  projecting  one  inch 
into  the  opening  at  each  end  and  that  dry  l/2  inch  cotton 
tape  is  lashed  over  the  core  at  the  ends  of  the  remaining 
8  inch  opening  which  exposes  the  core  wrapping.  From 
this  point  on  the  procedure  is  the  same  as  given  in 
paragraph  6.053  for  cable  without  the  inner  plastic 
extrusion.  The  sealing  compound  is  injected  by  pressure 
gun. 
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6.06  Sleeve  Injection  -  Plastic -Sheath,  Polyethylene- Insulated  Cable 

6.061  The  plugs  in  plastic -sheath,  polyethylene -insulated 
cable  should  be  made  in  the  straight  sections  to  avoid 
bending  strains.  They  can  be  in  a  vertical  as  well  as 
a  horizontal  section  of  cable.  Their  location  with 
respect  to  splices  is  the  same  as  stated  in  paragraph 
6.031.  Where  paper- insulated  cable  is  spliced  to 
polyethylene- insulated  cable,  a  plug  should  be  placed 
in  the  polyethylene- insulated  cable  near  the  splice  to 
prevent  moisture  travel  from  the  polyethylene  cable 
into  the  paper  cable.  This  is  not  necessary  if  the  two 
kinds  of  cable  are  both  pressurized.  The  method  of 
making  a  plug  described  herein  is  for  cable  having 

a  longitudinal  shield.  Cable  having  a  spiral  shield 
will  differ  in  requiring  the  placing  of  a  metallic  bond 
across  the  opening  soldered  to  the  shield  to  give 
electrical  continuity  to  the  shield.   (See  Figure  5) 

6.062  A  sleeve  plug  in  a  horizontal  cable  is  made  by  removing 
h   inches  of  sheath  on  cables  1-1/14-  inch  diameter  or 
less  and  7  inches  on  larger  cables;  cutting  off  some 
of  the  shield  but  leaving  a  strip  intact  for  electrical 
connection;  ballooning  the  conductors;  building  up 
collars  over  the  sheath  with  pressure -sensitive  tape; 
applying  a  sheet  of  heavy  wrapping  paper  around  the 
opening  extending  onto  the  tape  collars,  with  a  slit 
lengthwize  along  its  top;  applying  wire  cloth  around  the 
sheath  adjacent  to  the  tape  collars;  applying  a  split 
lead  sheath  over  the  paper  cylinder  and  tape  collars, 
aligning  its  split  with  the  slit  in  the  wrapping  paper 
cover;  beating  in  the  ends  of  the  sleeve  to  engage  the 
wire  cloth  and  soldering  it  thereto;  wrapping  pressure- 
sensitive  tape  over  the  ends  of  the  sleeve  and  out 
along  the  sheath  for  a  short  distance;  spreading  the 
slit  in  the  lead  sleeve  to  about  a  1/2  inch  gap;  filling 
the  sleeve  through  the  aligned  slits  with  sealing  compound; 
waiting  about  I5  minutes  and  then  pouring  in  additional 
compound  if  noticeable  setting  has  occurred;  beating  the 
sleeve  slit  closed  to  a  narrow  gap  without  soldering  it 
closed;  and  finally  wrapping  the  entire  structure  with 
pressure- sensitive  tape  half- lapped  to  about  I-I/2  inches 
beyond  the  previous  wrapping.  The  above  method  follows 
closely  the  procedure  specified  in  paragraph  6.052  as 

to  joining  the  sleeve  to  the  sheath. 
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6.07  Sleeve  injections  in  vertical  runs  of  lead-sheath  cable  and 
plastic -sheath,  paper- insulated  cable  can  "be  made  using 
the  split  lead  sleeve  method  with  flanges  for  injecting  the 
sealing  compound.   (See  Figure  6)  The  quantities  of  sealing 
compound  required  are  given  in  Table  3«  Sleeve  injections  in 
vertical  plastic -sheath,  polyethylene- insiilated  cable  are 
made  in  a  manner  similar  to  the  method  described  in  paragraph 
6jd62  as  to  the  use  of  split  sleeve,  tape  collars, method  of 
joining  the  lead  sleeve  to  the  sheath  and  final  tape  covering. 
One  major  difference  is  that  the  upper  of  the  two  tape  collars 
is  made  smaller  in  diameter  than  the  lower  one.  The  lower 
end  of  the  lead  sleeve  is  joined  to  the  plastic  sheath  in  the 
usual  manner  using  a  ten  inch  sleeve  for  a  four  inch  sheath 
opening  and  a  I3  inch  sleeve  for  a  7  inch  opening.  It  is  not 
considered  necessary  to  close  the  slit  in  the  sleeve  by 
soldering  it.  The  sealing  compound  is  poured  into  the  top  of 
the  sleeve  up  to  the  top  of  the  upper  tape  collar,  allowing 
about  15  minutes  for  it  to  settle  and  pouring  in  more  compound 
if  needed.  The  upper  end  of  the  sleeve  is  then  joined  to 

the  sheath  in  the  usual  manner.  The  entire  sleeve  is  then 
covered  with  two  inch  pressure- sensitive  tape  half -lapped  and 
finally  with  vinyl  one  inch  tape  half -lapped. 

6.08  The  quantities  of  sealing  compound  required  for  sleeve 
injection  in  plastic- sheath,  polyethylene- insulated  cable  are 
as  given  in  Table  3.  The  D  Sealing  Compound  used  for  plugs 
in  polyethylene- insulated  cable  must  have  the  Glass  Mill 

End  Fibers  added  during  the  mixing  operation. 

6.09  The  D  Sealing  Compound  is  toxic  to  some  people.  All  workmen 
who  have  occasion  to  use  it  or  clean  the  tools  and  the  C 
Pressure  Gun  after  using  it  to  inject  compound  should  protect 
their  hands  by  applying  Kerodex  Creams  to  them  before  using 
the  compound.  Water  repellent  Kerodex  7I  is  applied  first 
followed  by  Kerodex  51  which  washes  off  easily.  The  Kerodex 
71  is  applied  to  clean  dry  hands  and  wrists.  About  l/2 
teaspoonful  of  Kerodex  7I  is  placed  in  a  palm  and  then  spread 
evenly  over  the  hands,  wrists,  and  between  the  fingers, 
rubbing  it  in  thoroughly  for  about  one-half  minute  or  more. 
The  excess  should  be  wiped  off  with  a  clean  dry  cloth.  After 
waiting  a  few  minutes  about  l/2  teaspoon  of  Kerodex  51  is  placed 
in  a  palm  and  similarly  applied  over  the  layer  of  Kerodex  7I. 
The  excess  should  be  wiped  off  with  a  clean  dry  cloth  after  the 
cream  has  been  allowed  to  set.  Care  shoiild  be  taken  not  to 
touch  the  hands  to  the  face  or  other  parts  of  the  body  until  the 
Kerodex  5I  (which  may  be  contaminated)  has  been  washed  off  the 
hands  upon  completion  of  plugging  work.  If  the  sealing  compound 
is  being  used  throughout  the  day  the  creams  should  be  reapplied 
two  or  three  times  a  day.   It  also  is  advisable  to  wear  goggles 
when  using  the  sealing  compound. 
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6.10  The  C  Pressure  Gun  should  loe   cleaned  upon  the  completion  of 
each  plug  because  the  compound  hardens  rapidly.  The  cap  and 
piston  are  removed  and  the  piston  and  its  leather  washer 
are  wiped  thoroughly  with  a  dry  cloth.  The  round  end  of  the 
B  deeming  Rod  is  run  through  the  nozzle  orifice  and  the  rod 
is  then  wiped  clean.  The  interior  of  the  gun  barrel  is  wiped 
with  a  cloth  moistened  with  KS-I6302  Cleaner  and  dried  with 
a  cloth.  Tools  of  other  kinds  that  have  been  in  contact  with 
the  seailing  compound  shoxild  be  cleaned  similarly.  If  the 
compound  has  become  badly  caked  in  the  gun  or  on  other  tools 
they  should  be  soaked  in  the  cleaner  long  enough  to  permit 
loosening  of  the  compound  to  permit  its  removal.  After  such 
cleaning  the  parts  should  be  wiped  clean  with  a  dry  cloth. 

PRESSURE  TESTING  VALVE  INSTALLATION 

7.01  The  C  Pressure  Testing  Valve  can  be  installed  on  horizontal 
lead  sheath  at  any  point  along  the  sheath  or  on  any  lead  sleeve 
that  has  not  been  filled  with  paraffin  or  any  other  sealing 
compound.  The  preferable  location  is  on  a  sleeve  3  or  ^ 
inches  from  the  wiped  joint  and  at  the  end  of  the  sleeve  toward 
the  pole  if  the  sleeve  is  adjacent  to  a  pole.  A  hole  is  bored 
through  the  lead  sheath  or  sleeve  with  the  1/^4-  inch  cable  drill. 
The  valve  core  is  removed  and  the  valve  is  screwed  into  this 
hole  using  the  Valve  Repair  Tool  as  a  wrench.  A  soldering 
form  is  placed  over  the  valve  stem  and  the  stem  then  is  soldered 
to  the  cable  or  sheath.  The  form  is  removed  and  the  valve  core 
is  inserted  and  a  valve  cap  placed  on  the  stem.   (See  Figure  7) 

7.02  The  F  Pressure  Testing  Valve  can  be  placed  readily  on  a  metal 
splice  case  if  this  has  a  "terminal  flange"  into  which  the 

1/8  inch  pipe  threads  of  this  valve  can  be  screwed.  The  flange 
is  a  hole  bored  and  tapped  in  the  splice  case  in  which  a  metal 
plug  is  screwed  at  the  factor.  The  threads  of  this  valve  also 
fit  the  inside  threads  of  the  D  Pressure  Flange.  This  flange 
can  be  placed  on  the  lead  sheath  or  sleeves  of  large  diameter 
cable  by  first  boring  a  hole  using  the  3/8  Inch  Cable  Drill, 
screwing  the  flange  into  this  hole  and  then  soldering  the  flange 
to  the  lead  sheath  or  sleeve. 
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The  F  Pressure  Testing  Valve  can  be  installed  on  the  sheath  of 
plastic  sheath  cable  where  no  splice  case  is  located  at  the 
desired  test  point.  The  method  for  installation  will  depend  on 
the  cable  diameter  and  whether  the  cable  is  aerial,  in  under- 
ground duct  or  buried.  A  ten  inch  splice  case  (I3A)  made  for 
plastic  sheath  cable  up  to  1.0  inch  diameter  is  available  for 
this  use.  A  ten  inch  splice  case  (l^A)  for  plastic  sheath  cable 
1.0  inch  to  1.6  inch  diameter  also  is  available.  These  splice 
cases,  which  are  die-cast  aliiminura,  have  a  hole  bored  and  tapped 
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in  the  side  with  threads  which  fit  the  F  Valve.  One  of  the 
purposes  in  the  design  of  these  short  splice  cases  is  to 
permit  pressure  testing  valve  installation  in  aerial  plastic 
sheath  cable.  These  splice  cases  can  be  used  on  Alpeth, 
Stalpeth  and  PIC  cables.  This  installation  requires  a 
minimum  of  work  to  make  a  small  sheath  opening  to  be  covered 
by  the  case. 

7.04  For  plastic  sheath  cable  having  no  inner  extrusion  of  plastic 
a  hole  is  bored  through  the  sheath  and  metal  shield  with  the 
l/i^  Inch  Cable  Drill  being  careful  not  to  cut  into  the  cable 
core.  Two  collars  of  suitable  diameter  are  wrapped  on  the 
cable  sheath  with  the  sheath  hole  between  them.  The  splice 
case  is  used  as  a  gauge  to  locate  the  collars.  The  sealing 
cord  is  placed  in  the  back  splice  case  and  the  front  case  is 
then  applied  and  bolted  to  the  back  case.  The  F  Pressure 
Valve  then  can  be  inserted  in  one  side  of  the  splice  case  in 
the  opening  provided.   (See  Figure  8) 

7.05  If  the  cable  has  an  inner  extrusion  of  plastic  under  the 
metal  shield,  the  procedure  begins  by  cutting  an  opening 

in  the  sheath  and  shield  about  two  inches  long  and  extending 
1/3  of  the  cable  circumference.  A  hole  is  then  bored  through 
the  inner  extrusion  using  the  l/k   Inch  Cable  Drill.  A  pad  made 
of  plastic  tape  three  layers  thick  large  enough  to  cover  the 
two  inch  opening  is  placed  over  the  opening.  It  is  taped  over 
the  opening  and  a  hole  cut  through  it  at  its  midpoint.  The 
splice  case  can  then  be  installed  as  mentioned  in  the  preceding 
paragraph . 

7.06  For  plastic  sheath  cable  larger  than  1.6  inch  diameter,  the 
use  of  a  split  lead  sleeve  is  suggested  to  which  a  C  Pressure 
Flange  can  be  soldered.  This  flange  has  inside  threads 
which  fit  the  threads  of  the  F  Valve.  The  split  sleeve 
method  also  is  suggested  for  installing  the  F  Valve  on  under- 
ground or  buried  plastic  sheath  cable.  The  lead  sleeve  is  joined 
to  the  plastic  sheath  using  the  method  described  in  paragraph 
6.052  under  "Cable  Plugging  Procedure."  The  C  Pressure  Flange 

is  installed  in  the  split  lead  sleeve  for  mounting  the  F  Valve. 

7.07  The  B  Pressure  Ell  can  be  inserted  in  splice  case  flanges  and 
in  any  D  Pressure  Flange  by  reason  of  thread  conformity.  The 
ell  is  brass  and  has  one  end  in  tubular  form  over  which  l/2 
inch  OD  lead  pipe  can  be  slipped  on  and  soldered  thereto  for 
such  purposes  as  connecting  to  l/k   inch  OD  tubing  at  a  by- pass 
valve.  A  tapped  hole  is  on  the  opposite  side  of  the  ell  from 
the  tubular  end,  with  threads  to  take  an  F  Pressure  Testing 
Valve . 
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8.      BY- PASS  CONTJECTIONS 


) 


8.01  As  mentioned  in  paragraph  3«0i|-,  cable  should  be  sectionalized 
by  installation  of  plugs  which  shut  off  air  flow  at  points 
along  a  pressurized  cable.  These  must  be  by- passed  by  lead 
pipe  which  connects  the  by-pass  valve  to  the  cable  in  both 
directions.  As  stated  in  paragraph  k.Ok   three  types  of  by- 
pass valves  are  available.  The  by- pass  valves  have  mounting 
plates  which  permit  attachment  to  poles,  walls  and  cable 
sheath  or  sleeve.  They  can  be  lashed  to  a  lead  sleeve  with 
three  or  four  turns  of  lead  lashing  wire.   (See  Figure  9) 

8.02  For  a  by- pass  valve  installation  on  a  lead  sheath  cable  two 
flanges  are  placed  on  the  sheath  one  each  way  about  four  feet 
from  the  plug.  B  Pressure  Ells  are  screwed  into  these  flanges 
and  1/2  inch  OD  lead  pipe  is  placed  between  B  Ells  and  the 
by- pass  valve.  This  valve  is  placed  near  the  center  of  the 
plug  location.  The  lead  pipes  are  soldered  to  the  tinned 
pipes  of  the  by- pass  valves  and  the  lead  pipes  are  then  lashed 
to  the  cable  with  lead  lashing  wire.  The  four  foot  distance 
from  the  plug  to  the  flanges  insures  that  the  by-pass  connections 
are  beyond  the  resin  compound  in  the  plug.  Each  B  Ell  has  a 

C  Pressure  Flange  Plug  screwed  into  one  end.  A  torch  can  be 
used  for  the  soldering  work  on  aerial  cable.  A  soldering 
copper  should  be  used  for  the  soldering  on  underground  cable. 

8.03  For  a  by- pass  valve  installation  on  plastic  sheath  cable  the 
I3A  or  lifA  Splice  Cases  should  be  used  if  the  outside  diameter 
of  the  cable  does  not  exceed  1.6  inch.  One  of  the  cases  is 
placed  each  way  about  four  feet  from  the  plug.  B  Pressure 

Ells  are  inserted  in  the  flanges  in  the  cases  as  shown  in  Figure  9. 
The  by- pass  valve  is  connected  to  the  B  Ells  with  l/2  inch  OD 
lead  pipe  which  is  soldered  to  the  B  Ells  and  to  the  by-pass 
valve  pipes  with  a  blow  torch.  The  by- pass  valve  and  the  lead 
pipes  should  be  lashed  to  the  cable  and  strand  with  lead  lashing 
wire. 

Q.Ok    For  plastic  sheath  cables  of  more  than  1.6  inch  diameter  the 
split  lead  sleeve  method  of  providing  for  a  flange  should  be 
used.  Diameters  of  cables  are  listed  in  REA  TE  &  CM-63O, 
"Design  of  Aerial  Cable  Plant."  The  manner  of  placing  such 
a  sleeve  on  a  plastic  sheath  is  described  in  paragraph  6.052. 
An  opening  is  cut  through  the  sheath,  shield  and  core  wrapper 
using  a  cable  drill.  This  will  give  air  access  to  the  sleeve 
from  the  cable.  The  C  Flange  is  soldered  to  the  lead  sleeve  over 
a  hole  bored  through  it  with  a  cable  drill.  A  by- pass  valve 
at  a  plug  requires  such  a  sleeve  placed  about  four  feet  from  the 
plug  in  each  direction.  The  B  Ells  are  placed  in  the  sleeve 
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flanges  and  l/2  inch  OD  lead  pipe  is  placed  to  connect  each 
B  Ell  to  the  by- pass  valve  and  soldered  thei^to.  The  lead 
pipes  and  hy-pass  valve  are  lashed  to  the  cahle  and  strand 
with  lead  lashing  wire. 

As  mentioned  in  paragraph  3. 17  filled  sleeves  or  other  known 
restrictions  which  "block  the  flow  of  air  in  a  pressurized 
cable  must  be  by-passed  but  ordinarily  without  a  by-pass 
valve  or  pressure  testing  valves.  For  this  purpose  Pressure 
Testing  Ells  can  be  soldered  to  lead  sheath  on  each  side  of  the 
restriction  and  connected  together  by  l/2  inch  OD  lead  pipe 
soldered  thereto.  For  plastic  sheath  cable  the  split  lead 
sleeve  method  or  the  splice  case  method  can  be  used  for  making 
the  connections  to  the  cable. 
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9.  PRESSURE  CONTACTOR  INSTALLATION  AND  ADJUSTMENT 

9.01  The  pressure  contactors  mentioned  in  paragraph  3 '02  are  available 
in  two  types.  The  L  Pressure  Contactor  is  intended  for  moimting 
on  a  pole  or  wall  for  which  use  it  has  a  mounting  bracket  attached. 
This  contactor  is  provided  with  six  feet  of  l/^i-  inch  copper 
tubing  to  connect  it  to  the  pressurized  cable.  It  is  installed 
near  a  cable  terminal  into  which  a  connection  is  made  with  two 
conductor  neoprene  cord  to  an  assigned  working  line  cable  pair. 
The  M  Pressure  Contactor  is  similar  to  the  L  type  but  is  intended 
to  be  attached  by  a  pipe  threaded  fitting  on  its  back  which 
permits  making  a  direct  air  connection  to  a  splice  case^  a 
flange  on  a  cable  sheath  or  a  sleeve.  A  I/8  inch  Chromium- 
plated  Street  Ell  is  provided  with  it  for  mounting  it  on  a  splice 
case  of  the  type  which  has  its  flange  on  top.  Connection  is  made 
with  two  conductor  neoprene  cord  to  an  assigned  cable  pair  in 

a  terminal.  Six  feet  of  the  neoprene  cord  is  supplied  with  both 
L  and  M  contactors.   (See  Figure  10) 

9.02  An  L  or  M  Pressure  Contactor  can  be  connected  to  an  exchange 
aerial  cable  at  any  terminal  location  where  the  pressure 
measured  is  I.5  psi  or  more.  The  M  type  is  the  easier  of  the 
two  to  install.  Both  can  be  adjusted  for  any  pressure  between 
1  and  10  psi.  The  method  of  adjustment  is  the  same  for  both 
types.  The  adjustment  is  made  after  the  contactor  has  been 
mounted  on  the  pole,  wall,  splice  case  or  sleeve  in  its  permanent 
location.  A  head- set,  C  Pressure  Gauge,  h.^   volt  battery,  a  l/k 
inch  open  end  wrench,  a  screwdriver  and  an  0.  P.  nitrogen  gas 
cylinder  are  required  in  making  an  adjustment.  The  first  require- 
ment is  that  the  normal  pressure  at  the  contactor  location  be 
determined  as  described  in  paragraph  3*12.  The  usual  practice 

is  to  adjust  the  contactor  to  operate  at  O.5  psi  below  the 
normal  pressure  at  the  location.   (See  Figure  11) 
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Figure  11 

9.03  The  head-set  is  connected  by  clip-ended  cords  to  the  two 

terminals  at  the  top  of  the  contactor.  This  hy- passes  the 
270,000  ohm  resistance.  A  click  vill  he  heard  in  the  receiver 
when  the  contacts  close  due  to  reduction  of  pressure  in  the 
bellows  of  the  contactor.  A  pressure  testing  valve  for  temporary 
use  must  be  placed  through  which  gas  from  the  0.  P.  nitrogen 
gas  cylinder  can  be  injected  into  the  cable  through  a  hose  and 
chuck.  This  is  the  "control"  valve.  The  C  Pressure  Gauge  is 
connected  to  the  pressure  testing  valve  on  the  bottom  of  the 
contactor.  Pressure  in  the  cable  is  built  up  to  a  value  higher 
than  the  "normal,"  from  the  nitrogen  gas  cylinder.  The  nitrogen 
gas  cylinder  hose  chuck  is  then  removed  from  the  control  valve. 
The  cap  of  the  control  valve  then  is  used  to  bleed  the  pressure 
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through  this  valve  until  the  click  indicating  contactor  operation 
is  heard.  The  pressure  at  this  instant  is  noted  on  the  C 
Pressure  Gauge.  The  operating  psi  value  of  the  contactor  is 
changed  by  turning  the  contactor  adjusting  screw  clockwise 
to  increase  the  value  and  counterclockwise  to  reduce  it.  After 
the  bleeding,  the  pressure  will  rise  as  the  internal  pressure 
adjusts  along  the  cable.  It  will  be  necessary  to  again  apply 
nitrogen  gas  for  a  second  test.  At  least  two  tests  should  be 
made  before  the  adjustment  is  considered  satisfactory.  The 
two  conductor  neoprene  cord  then  can  be  connected  to  the  working 
line  cable  pair  assigned  for  use.  The  contactors,  when  received, 
usually  are  adjusted  at  about  2  psi .  After  they  operate  they 
require  a  rise  of  about  0.25  psi  above  their  "operate"  value 
to  cause  the  contact  to  reopen. 
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10.  SEALING  OF  THREADED  CONNECTIONS 

10.01  The  installation  of  pressure  valves,  pressure  contactors  and 
ell  fittings  involve  threaded  connections  which  should  be 
made  airtight  by  applying  pipe  joint  compound  to  the  threads 
when  making  connections.  This  material  is  available  in  cans 
at  hardware  stores  and  in  stick  form  such  as  "Pipetite-Stick" 
or  equivalent. 

11.  EXCHANGE  CABLE  PRESSURIZATION  SYSTEM  DESIGN 

11.01  When  designing  an  aerial  cable  system  for  a  new  project  if 

polyethylene-insulated  cable  is  to  be  used,  a  choice  between 
three  policies  should  be  made.  These  are:   (l)  use  of  ready- 
access  enclosures  without  cable  pressurization;  (2)  use  of 
airtight  splice  cases  and  terminals  with  pressurization;  and 
(3)  use  of  ready-access  enclosures,  with  plugs  and  by-passes, 
with  pressurization.  The  decision  usually  will  be  in  favor 
of  choice  (l)  because  of  the  lower  cost  and  the  advantages 
derived  by  the  use  of  ready-access  enclosures,  and  due  to  the 
fact  that  polyethylene-insulated  cable  gives  little  trouble 
and  low  maintenance  cost.  In  any  case  the  miles  of  sheath  and 
its  maintenance  costs  involved  must  be  sufficient  to  justify 
the  expense  of  pressurization. 


11.02 


An  exchange  cable  pressurization  system  usually  has  the  dry 
air  pressurization  equipment  installed  in  a  central  office 
where  the  air  supply  is  connected  to  the  outgoing  exchange 
cables.   Decision  has  to  be  made  as  to  the  locations  for  the 
contactors  where  they  will  perform  the  greatest  service  in 
cable  protection  against  out- of- service  conditions.   If  there 
is  a  feeder  cable  extending  1,000  feet  or  more  along  any  route 
from  the  office,  either  aerial,  in  underground  duct  or  buried, 
a  logical  place  for  a  contactor  is  at  the  junction  of  the 
feeder  and  the  aerial  distribution  cable.   For  other  contactor 
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locations  it  is  desirable  to  wait  long  enough  after  pressurization 
for  the  pressure  to  stabilize  along  the  cables  after  the  initial 
cleanup  of  leaks  has  been  completed.  Then  pressure  tests  can 
be  made  and  contactors  located  where  at  least  1.5  psi  is  found. 
This  will  result  in  a  maximum  amount  of  protection. 

11.03  Contactors  should  be  located  where  they  will  monitor  as  much 
of  the  connecting  branch  cables  as  practicable.  They  should 
be  installed  at  the  ends  of  cables  to  military  establishments, 
airports  and  other  important  establishments.  The  contactor 
at  the  jimction  of  the  feeder  and  distribution  cables  will 
monitor  the  cable  back  to  the  central  office  as  well  as  outward 
to  a  definite  range  of  20  as  stated  in  paragraph  3-11-  Addendum 
B  gives  examples  of  cable  networks  that  are  typical  of  contactor 
locations  which  will  give  satisfactory  protection.  The  layouts 
are  based  on  data  from  Table  1  in  paragraph  3.O9. 

11. 0^)-  The  locations  of  pressure  testing  valves,  by- passes,  plugs 

and  alarm  contactors  should  be  carefully  shown  and  maintained 
on  the  maps  of  the  cable  system.  Suggested  symbols  for  such 
record  work  are  shown  on  Addendum  C. 


12.   PRESSURIZATION  CONSTRUCTION  PROCEDURE 

12.01  The  first  operation  in  preparing  a  cable  for  pressurization  is 
to  install  a  plug  in  it  in  the  central  office  to  prevent  loss 
of  air  through  the  tip  cable .  The  air  supply  from  the  air 
flow  meter  panel  for  each  cable  then  should  be  connected  to 
the  cable  on  the  street  side  of  the  plug  with  l/k   inch  OD  of 
plastic  tubing.  This  tubing  can  be  the  Dekoron  tubing  or 
equivalent.   It  is  available  as  single  or  multiple  tubing, 
clear  or  color  coded.  If  the  cable  has  lead  sheath,  a  C 
or  D  Pressure  Flange  should  be  soldered  to  the  sheath  and  used 
to  guide  the  cable  drill  to  bore  through  the  sheath.  A  male 
elbow  fitting  is  attached  to  the  flange  for  connecting  the 
plastic  tubing  to  the  cable.  If  the  cable  exceeds  1.6  inch 
diameter  a  s])lit  lead  sleeve  will  be  necessary  for  mounting 
a  flange,  as  described  in  paragraph  "J.OG.      If  the  cable  has 
a  plastic  sheath  not  over  1.6  inch  diameter  the  air  connection 
to  the  cable  can  be  made  by  using  a  I3A  or  l^fA  Splice  Case 
described  in  paragraph  7*0^  with  a  male  elbow  fitting  for 
attaching  the  tubing  to  the  splice  case.  The  compressor-dryer 
should  be  connected  to  the  air  flow  meter  panel  by  3/8  inch  OD 
plastic  tubing.   (See  Figure  12) 
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12.02  Air  pressure  shoiild  be  applied  to  not  more  than  two  cables  at 
one  time  to  prevent  overload  of  a  small  250  cubic  foot  per  day 
compressor  unit.  Overload  may  occur  if  one  of  the  cables  has 
a  large  leak.  If  an  airflow  meter  shows  excessive  airflow 

to  a  cable  it  is  advisable  to  proceed  immediately  to  find  the 
leak.  This  is  done  in  the  following  manner:  The  by- pass  valve 
is  closed  at  the  far  end  of  the  first  mile  of  cable.  After 
a  few  hours'  time  in  which  the  pressure  should  stabilize  in 
this  mile  pressure,  readings  should  be  taken  in  that  mile. 
If  stabilization  occurs  this  fact  eliminates  this  mile  and  the 
by- pass  valve  should  be  opened  and  the  next  mile  tested.  When 
a  leaky  mile  is  found  proceed  as  stated  in  paragraph  beginning 
at  paragraph  12.08. 

12.03  The  cables  that  do  not  show  excessive  leaks  should  be  tested 
in  the  following  manner.  A  22.^  cubic  foot  0.  P.  nitrogen  gas 
cylinder  should  be  connected  one-half  mile  from  the  central 
office  on  one  of  the  cables  and  the  by-pass  valve  should  be 
closed  at  the  one  mile  point.  The  injection  pressure  should 
be  set  for  6  psi.  A  pressure  regulator  is  required  to  reduce 
the  approximately  2265  psi  of  the  nitrogen  gas  cylinder  to 

the  6  psi  for  injection  into  the  cable.  Some  nitrogen  suppliers 
have  the  regulators  available  on  a  rental  basis.  A  22^  cubic 
foot  cylinder  of  0.  P.  nitrogen  gas  costs  in  the  order  of  $50  with 
the  free  use  of  the  cylinder  for  30  days  and  a  small  fee  per 
day  for  more  extended  use . 
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12.0^4-  It  may  take  a  day  or  two  for  the  pressure  in  this  mile  of  cable 
to  stabilize,  at  which  time  the  regulator  will  show  no  flow  of 
gas  into  the  cable  if  the  cable  has  no  large  leak.  If  the 
cable  pressure  stabilizes,  indicating  no  leaks,  the  cylinder 
of  gas  can  be  moved  to  the  next  adjacent  mile  midpoint  and 
the  by- pass  valve  opened  between  the  two  miles  of  cable.  The 
by-pass  valve  at  the  distant  end  of  the  second  mile  of  cable 
is  closed  during  the  gas  injection  into  it.  These  operations 
are  repeated  mile  by  mile  until  the  entire  cable  has  been 
tested.  This  testing  should  be  performed  on  all  of  the  cables 
that  are  pressurized. 

12.05  The  objective  is  to  obtain  as  near  2  psi  as  possible  at  the 
ends  of  all  main  distribution  and  branch  cables.  They  may 
not  be  possible  in  small  size  branch  cables  due  to  their 
length  and  high  pneumatic  resistance.  The  work  involved 
in  repairing  minor  leaks  and  terminal  stub  plugging  in  the 
branch  cables  may  not  increase  the  pressure  enough  at  their 
ends  to  be  justified.  End  point  contactors  should  not  be 
installed  beyond  the  point  where  the  pressure  from  the  central 
office  falls  below  1.5  psi  after  the  initial  trouble  clearing 
is  finished.  Tempoi^ry  pressure  testing  valves  may  be  required 
to  locate  places  where  air  passage  is  blocked. 

12. 06  To  protect  an  underground  cable  in  a  manhole  containing  water 
above  the  cable  it  is  necessary  to  have  a  minimian  pressure  in 
the  cable  calculated  as  follows : 

psi  (minimum  desirable)  -   waterhead  (feetj  +  1 

2 

However,  a  cable  pressure  of  1  psi  will  protect  against  a 
waterhead  of  about  two  feet. 

12.07  Experience  in  this  initial  cleanup  work  has  shown  that  a  224 
cubic  foot  cylinder  of  nitrogen  gas  may  be  exhausted  in  half 

a  day  if  the  lead  aerial  cable  is  old,  badly  cracked,  ring  cut 
and  with  numerous  leaks.  If  the  lead  cable  is  under  ten  years 
old  and  in  good  condition,  one  of  these  large  cylinders  of  gas 
may  be  sufficient  to  supply  cables  for  four  or  five  working 
days  and  pennit  testing  several  miles  of  cable.  The  amount 
of  gas  required  per  mile  depends  on  the  size  of  the  cable  as 
well  as  its  condition.  A  cable  one  inch  in  diameter,  1,000 
feet  long,  takes  about  0.2  cubic  feet  of  gas  to  raise  the 
pressure  1.0  psi.  This  is  approximately  a  101  pair,  22  gauge 
paper  cable.  A  2.0  inch  cable  takes  four  times  this  much  gas. 
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12.08  If  a  mile  section  of  cable  fails  to  stabilize  from  the 
nitrogen  injection  after  two  days,  it  is  evidence  that  there 
are  serious  leaks  that  must  be  found  and  repaired.  A  chart 
made  from  the  pressure  readings  taken  at  the  pressure  testing 
valves  in  the  mile  section  of  cable  will  give  data  for  making 

a  gradient  chart  which  should  show  the  approximate  leak  location. 
Evidence  such  as  a  recent  pole  move  or  replacement  or  other 
work  on  the  cable  can  be  looked  for  in  the  neighborhood  of  the 
place  indicated  by  the  pressure  gradient.  Paragraph  I3  gives 
the  steps  required  in  making  a  pressure  gradient  chart. 

12.09  Failure  to  promptly  find  the  leak  by  visual  inspection  of  the 
general  location  indicated  by  a  pressure  gradient  chart  will 
require  spray  testing  of  the  suspected  section  of  aerial 
cable,  perhaps  for  a  few  spans.  The  one-wheel  roll  sprayer 
on  a  pruner  pole,  connected  to  the  J-i-l/2  gallon  spray  tank 
can  be  used.  This  sprayer  can  be  used  on  either  lashed  cable 
or  cable  in  rings.  A  slightly  different  adjustment  of  the 
nozzles  is  required  for  the  two  types  of  cable  suspension. 
These  items  are  listed  in  paragraph  5  and  can  be  purchased 
as  a  "kit"  for  less  than  $200.  The  ^-l/2  gallon  tank  can  be 
carried  on  the  tester's  back  or  on  a  tank  carrier.  The  tanli 
carrier  with  a  25  cubic  foot  nitrogen  cylinder  to  supply 
pressure  to  the  tank  is  inconvenient  on  rough  terrain.  The 
25  cubic  foot  cylinder  can  be  charged  from  a  22^  cubic  foot 
cylinder  using  the  Cylinder  Charging  Connector.  The  roll 
sprayer  kit  in  use  is  shown  in  Figure  I3.  The  tests  usually 
are  accomplished  by  a  two  man  team,  one  man  to  operate  the 
sprayer  and  the  other  to  watch  for  spray  bubbles.  However, 
one  man  can  make  the  tests  if  the  working  conditions  are 
safe.  The  sprayer  can  be  pushed  along  with  the  pole  at  a 

U5  degree  angle.  For  high  cable  it  can  be  pulled  along  with 
a  light  handline .   It  should  be  moved  slowly  enough  to  permit 
the  spray  to  thoroughly  wet  the  cable .  A  small  leak  may  be 
overlooked  if  passed  over  too  rapidly.  The  k-l/2   gallon  tank 
has  a  pressure  gauge  and  safety  blowout  plug  which  will  release 
if  the  tank  pressure  exceeds  about  ^0  psi .  The  normal  pressure 
for  spraying  shoiild  not  exceed  30  psi  nor  fall  below  20  psi . 
The  spraying  should  be  done  while  the  22^-  cubic  foot  nitrogen 
gas  cylinder  maintains  pressure  on  the  cable  not  in  excess 
of  about  5  or  6  psi . 


12.10  The  kit  includes  the  one-wheel  roll  sprayer  with  pressure  tanli 
and  plastic  tube  for  connecting  the  tank  to  the  sprayer, 
Fiberglas  sectional  pruner  pole,  flash  leak  tester,  2^  plastic 
bottles  of  C  Concentrate  sufficient  to  make  72  gallons  of  test 
solution,  6  air  valves  for  attachment  to  cable  in  applying 
nitrogen  gas  for  test  pressure,  25  feet  of  plastic  tube  equipped 
with  fittings  on  one  end  for  attachment  to  air  valves  on   cable 
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Spray  Leak  Locating 
Figure  13 


REA  TE  &  (M-6h6 


and  at  the  other  end  for  attachment  to  a  cylinder  of  nitrogen 
gas  and  a  cahle  drill  for  piercing  cahle  sheath  after  a  valve 
is  placed. 

12.11   Figure  ik   shows  the  types  of  hublDles  that  can  he  expected  at 
leaks  of  various  sizes.  Windy  weather  "blows  the  hubhles  away 
and  it  is  not  a  desirahle  time  for  spray  testing.  Also,  wind 
tends  to  make  hubhles  at  non-leaJks  particiilarly  on  lashed 
cahle.  Pressure  greater  than  5  or  6  psi  in  the  cahle  does  not 
make  good  huhhles  except  in  hot  weather  when  clicks  tend  to 
hecome  smaller.  A  large  hole  in  a  sheath  such  as  by  a  bullet 
may  not  make  a  bubble  nor  a  noise  from  leaking  air  or  gas.  If 
the  spray  test  does  not  show  bubbles  at  or  near  where  the 
pressure  gradient  indicated,  it  may  be  necessary  to  ride  the 
strand  in  a  cable  car  or  inspect  carefully  by  ladder  using  a 
flash  leak  tester.  The  tank  is  ij-l/2  gallon  capacity  but  should 
not  be  filled  over  3-1/2  gallons  to  leave  room  for  pressurizing. 
Otherwise  it  woTild  have  to  be  piimped  up  too  often  to  maintain 
30  psi  in  the  tank  if  not  used  with  the  nitrogen  cylinder. 
A  tank  with  3-1/2  gallons  of  solution  should  spray  about  800 
to  1,000  feet  of  cable.  The  time  required  to  spray  is  3  "to 
5  minutes  per  span  and  2  or  3  miles  of  sheath  can  be  covered 
in  one  work  day.  Resulting  bubbles  will  be  below  usual  size 
on  cables  paralleling  a  diesel  railroad  as  a  greasy  residue  of 
oil  combustion  prevents  spray  adhesion  to  the  sheath.  Water 
for  refilling  the  tank  can  be  carried  on  a  drum  on  the  truck 
or  obtained  locally  along  the  cable  route. 

12.12  Underground  cable  can  be  tested  in  the  manholes  by  means  of 
the  flash  leak  tester,  a  hand  sprayer,  with  a  brush  and  bucket 
of  water- concentrate,  or  by  listening  for  the  sound  of  escaping 
air  or  gas. 

12.13  Paint  or  dye  can  be  used  to  mark  leaks  when  detected  but  these 
leaks  generally  should  be  repaired  before  the  end  of  the  work 
day  they  are  detected.  This  avoids  waste  of  the  nitrogen 

gas  and  builds  up  the  pressure  faster  toward  stabilization. 

12.14  The  same  procedure  for  spray  testing  with  the  roll  sprayer 
is  used  on  both  plastic  and  lead  sheath  cables.  The  water- 
concentrate  solutions  for  the  two  are  different  as  described 
below. 

12.15  Only  the  B  Pressure  Testing  Concentrate  should  be  used  for 
spraying  polyethylene  sheath  cable  although  it  can  also  be 
used  on  lead  cable.  It  is  available  in  k   ounce  and  1  gallon 
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Pressure  under  1.0  psi 
^ 'White   foam  bubbles  of  small  leak 


Pressure  1.0  to  2.0  psi 
Cluster  of  mediiam  size  bubbles 


Note:  Large  leaks  may  not  bubble  but  may 
give  momentary  indication 
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Typical  Water-Concentrate  Bubbles 
Figure  ik 
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containers.  In  weather  above  freezing  the  spray  solution 
should  be  one  part  concentrate  to  ten  parts  clean  water.* 
In  freezing  weather  more  concentrate  is  required,  one  part 
concentrate  to  2  parts  water  at  20°  down  to  5°F.  This 
solution  should  be  used  for  brush  and  bucket  testing,  also  with 
the  flash  leak  tester.  This  concentrate  is  more  expensive  than 
the  C  and  D  concentrates. 


e 


12.16  Only  the  C  Pressure  Testing  Concentrate  should  be  used  for 
spraying  on  lead  sheath  cable  at  tempeiratures  above  32°F. 
It  damages  polyethylene  sheath  and  must  not  be  used  on  such 
cables.  It  is  available  in  k   ounce  plastic  bottles .  ^iSe 
solution  should  be  one  ^i^-ounce  bottle  of  concentrate  to  three 
gallons  of  clean  water. -^ 


12.17  Only  the  D  Pressure  Testing  Concentrate  should  be  used  for 
spraying  on  lead  sheath  cable  when  the  temperature  is  5°  to 
32°F.  It  also  damages  polyethylene  sheath .  At  5°  to  15°F. 
the  solution  should  be  one  part  concentrate  to  two  parts  clean 
water.  From  15°  to  32°F.  it  can  be  one  part  concentrate  to 
5  parts  clean  water.* 

12.18  The  roll  sprayer  can  be  used  with  all  three  solutions.  After 
a  roll  sprayer  has  been  used  in  locating  leaks,  the  tank, 
plastic  tubing  and  sprayer  should  be  rinsed  out  with  clean 
water  at  the  end  of  the  day's  work.  All  foam  and  solution  should 
be  removed  from  the  tank.  A  gallon  of  water  then  shoiild  be  put 
in  the  tank  and  the  pressure  raised  to  about  20  psi .  The  trigger 
valve  then  should  be  operated  and  the  water  allowed  to  flow 
through  the  tube  and  sprayer  until  all  solution  and  foem  are 
removed.  The  tank  then  should  be  emptied  and  pumped  up  to  about 
20  psi  and  all  water  blown  from  tubing  and  sprayer.  The  strainers 
in  the  spray  nozzles  and  the  trigger  valve  should  be  cleaned 

by  rinsing  in  clear  water  after  about  kO   hours '  use  or  after 
being  idle  some  days.  The  hand  piomp  leather  washers  should  be 
oiled  periodically. 
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13.   PRESSURE  GRADIENT  CHART  PREPARATION 

13.01  The  steps  that  are  required  in  preparing  a  pressure  gradient 
chart  following  the  discovery  that  a  leak  exists  include  (l) 
preliminary  leak  locating  and  (2)  final  leak  locating. 


*Silt-free  tap  water  is  satisfactory  if  it  is  relatively  free  of  sulphur 
or  calcium.  The  concentrate  should  be  added  to  the  water  and  stirred  well, 
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13.02   The  preliminary  leak  locating  is  done  by  taking  the  pressure 
readings  at  pressure  test  valves  using  the  C  Pressure  Testing 
Gauge.  Readings  are  taken  at  all  of  the  valves  in  the  mile 
section  of  cable.  Tests  for  leaks  at  the  valves  should  "be 
made  before  and  after  the  valve  caps  are  removed  using  a 
brush  and  bucket  of  water- concentrate  solution.  The  readings 
shoTild  all  be  made  by  one  man  using  one  pressure  gauge . 
Temperature  affects  pressure  readings.  The  best  time  to  take 
such  readings  is  during  a  steady  rain.  Sunlight  on  part  of 
the  cable  section  and  shade  on  part  may  distort  the  readings. 
Pressure  readings  on  underground  or  buried  cable  will  not  be 
affected  by  temperatures.  In  any  case  all  of  the  readings 
should  be  made  in  the  shortest  practicable  time. 

13.03  The  final  leak  locating  suggested  is  by  the  "two- direction" 

method  of  taking  pressure  readings.  G?he  tester  should  begin  at 
the  pressure  source  end  of  the  leaking  section  of  cable, 
reading  and  recording  the  time  and  the  pressure,  proceed 
to  the  next  valve  toward  the  trouble,  recording  the  time 
and  pressure  there;  repeating  this  until  he  has  also 
recorded  the  data  for  all  of  the  valves  in  the  mile  of 
cable.  He  should  immediately  retrace  his  steps  and  record  the 
readings  of  the  valves  and  the  time  of  each  reading  in  reverse 
order.  The  elapsed  time  between  readings  at  any  two  adjacent 
valves  should  be  approximately  the  same  for  both  directions 
of  travel.   The  readings  then  should  be  tabulated  and  the 
average  of  the  two  readings  at  each  valve  can  be  added  to 
the  tabulation.   Such  a  tabulation  is  given  below: 

TYPICAL  TWO-DIRECTION  DATA 


Pressure 

Interval 

First 

Second 

Average 

Valve 

Between 

Readings 

Readi 

figs 

Pressures 

Location 

Readings 

Time 

Pressure 

Time 

Pressure 

to  be  Plotted 

No.   39 

10  min. 

2:00 

PM 

h.66 

Lbs. 

3:^0 

PM 

I+.60 

Lbs 

I+.63  Lbs. 

Uo 

15  min. 

2:10 

1+.63 

3:30 

I+.59 

i+.6l 

1+1 

10  min. 

2:25 

k.'5k 

3:15 

I+.50 

1+.52 

1+2 

5  min. 

2:35 

^.53 

3:05 

4.51 

I+.52 

43 

10  min. 

2:1+0 

1+.57 

3:00 

i+.55 

I+.56 

kh 

2:50 

i+.62 

- 

k.62 

13.01+ 


J 


Where  a  cable  route  is  in  terrain  that  is  not  level,  the  pressures 
will  tend  to  be  greater  at  valves  in  low  places  then  they  would 
be  in  level  terrain.  V/here  the  level  differences  at  valves 
are  great,  it  may  be  necessary  to  convert  pressure  readings 
to  their  equivalent  values  at  a  common  elevation.  However, 
this  correction  should  not  be  necessary  except  perhaps  in 
underground  or  buried  cable  where  great  accuracy  is  necessary 
in  locating  the  leak,  to  avoid  unnecessary  and  expensive 
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digging  and  where  the  changes  in  grade  are  considerahle . 
It  is  more  common  practice  to  ignore  this  problem  on 
aerial  cable. 
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13.05  A  graph  of  pressure  gradients  plotted  from  the  j bove  data  is 
shown  in  Chart  1.  The  vertical  scale  is  in  pounds  per  square 
inch  and  the  horizontal  scale  is  the  number  of  minutes  and 
shows  the  travel  time  between  readings.  This  travel  time 
approximately  gives  a  measure  of  relative  distances  between 
valves.  The  data  plotted  is  the  average  of  the  two  readings 
at  each  valve.  This  averaging  results  in  data  that  approxi- 
mates what  the  readings  would  have  been  at  each  tested  valve 
if  all  had  been  taken  simultaneously.  On  such  a  graph  the 
line  between  the  two  adjacent  valves  on  each  side  of  the 
trouble  is  extended  in  a  straight  line  toward  the  trouble 
location.  Where  these  two  extended  lines  cross  is  the  approx- 
imate location  of  the  leak.  If  the  times  and  pressures  are 
accurately  read  and  recorded  and  if  the  graph  is  accurately  made, 
the  leak  location  can  be  expected  to  be  found  within  a  few 
feet  of  the  indicated  location. 

1^.   PRECAUTIONS 


lir.02 


f 


14.01  Nitrogen  gas  is  neither  poisonous  nor  exploxive.  The 
atmosphere  contains  78  percent  nitrogen  and  21  percent 
oxygen.  Increase  of  nitrogen  in  a  manhole  by  excessive 
escape  of  nitrogen  used  in  testing  the  cable  may  create  a 
dangerous  situation  by  reducing  the  percent  of  oxygen  below 
the  amount  reo^uired  for  respiration.  Ventilation  procedures 
should  be  used  while  nitrogen  is  being  applied  to  the  cable 
if  the  manhole  is  to  be  entered. 

The  nitrogen  cylinders  contain  the  gas  at  high  pressure 
(about  2265  psi  when  full).  Th.ey  should  not  be  violently 
struck,  dropped,  or  placed  horizontally  where  they  can  roll. 
When  stored  vertically  they  should  be  strapped  so  they  cannot 
fall.   They  should  be  protected  from  fire  which  might  heat 
them  excessively.  Their  protective  caps  should  be  on  at  all 
times  in  the  storeroom  except  when  charging  a  smaller  cylinder. 
It  is  suggested  that  the  regulator  be  covered  by  a  piece  of 
canvas  while  gas  is  being  injected  into  a  cable. 

1^1.03  VJhile  spray  testing  with  water-concentrate  solution  the  operator 
always  should  wear  goggles  or  safety  glasses.  Dripping  or 
spilling:  of  the  solution  on  pedestrians,  automobiles  and  on 
painted  surfaces  should  be  avoided.   If  any  solution  drips  on 
an  automobile  it  should  be  washed  off  immediately  with  fresh 
water.   It  may  give  a  false  impression  of  color  fading  par- 
ticularly if  there  is  dust  on  the  automobile  surface. 
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Typical  Pressure  Gradients 
Showing  Location  of 
Leak,Aerial  Catle 
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-4±M   Pressure  Test  Valve  Numbers 


Chart  1 
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lif.oU  The  concentrate  for  polyethylene  sheath  cable  must  not  he  the 
type  that  will  damage  polyethylene .   (See  paragraph  12.16) 
If  the  concentrate  for  lead  cahle  gets  on  polyethylene  cable 
it  should  he  washed  off  iiranediately  with  fresh  water. 

14.05  The  roll  sprayer  operator  should  wear  rubber  shoes  and  rubber 
gloves  when  working  on  cables  on  Joint-use  poles. 

lk.06     Extreme  care  should  be  used  when  placing  and  removing  roller 
sprayer  on  strand  to  avoid  contact  with  foreign  wires. 

14.07  The  Fiberglas  pruner  pole  should  not  be  carried  over  the 
shoulder  while  the  roll  sprayer  is  attached  to  it.  The 
sprayer  should  be  attached  at  the  work  location. 

14.08  Pliers  or  wrenches  should  not  be  used  to  open  nitrogen  gas 
cylinder  valves. 

14.09  The  air  compressor  in  a  continuous  flow  pressurization  system 
should  not  be  allowed  to  run  continuously  to  prevent  over- 
heating the  compressor.  About  75  percent  of  the  time  is  a 
desirable  maximum  operating  limit.  If  the  compressor  operates 
continuously  it  indicates  excessive  air  leaks  in  the  system 
under  pressure  which  should  be  found  and  repaired. 

14.10  Goggles  shoxild  be  worn  when  working  with  sealing  compounds. 

14.11  Persons  using  sealing  compounds  always  should  protect  their 
hands  by  applying  the  Kerodex  creams  to  their  hands.   (See 
paragraph  6. 09) 


^ 


■52- 


ft  *■  r.    ^ 


REA  TE  &  (M-6k6 


Cost  Estimate  for  Constructing  Continuous  Feed  Air  Pressurization 
on  a  Fifteen  Sheath-mile  Lead  Sheath  Cable  System 


Central  Office  Equipment 

250  cuhic  feet  per  day  compressor- dryer 

Meter  panel  -  5  meters 

Polycor  tubing  -  20  feet  @   $1.50 


$  800.00 

150.00 

30.00 


$  980.00 


Tools 

l/'i-  inch  cable  drill 
3/8  inch  cable  drill 
C  flange  clamp 
sheath  lifter 


pressure  gun 

adapter  nozzle 

cable  core  depressor 
B  cleaning  rods 
Orange  sticks,  package  of  10 
Valve  repair  tool 
B  pressure  gun  holder 
Soldering  fonn,  1-1/2  inch  round 
Spray  testing  kit 
C  pressure  testing  gauge 
Pressure  regulator 


$ 


7.00 
17.50 
5.65 
2.60 
17.00 
i^.OO 
3.00 

1.15 
1.50 

.95 
4.10 

.95 

195.00 

33.00 

58.00 


351.^0 


Materials 

C  pressure  flange s_,  10  packages  of  25 

D  pressure  flanges,  10  packages  of  25 

C  pressure  flange  plugs,  10  packages  of  25 

B  pressure  testing  ells,  2  packages  of  10 

Pressure  testing  ells,  2  packages  of  10 

D  sealing  compound,  small  charge,  50 

D  sealing  compound,  large  charge,  50 

Lead  lashing  wire,  AT6634,  1  1-1/2  lb.  spool 

Alarm  contactors,  8  @  $15 

C  pressure  testing  valves, 

F  pressure  testing  valves. 

By- pass  valves,  12  @   $6.50 


20  packages  of  5 
15  packages  of  5 


$ 


32.50 
50.00 
20.00 
12.50 
11.30 
75.00 

162 . 50 
2.00 

120.00 
60.00 
i^5.00 
78.00 


668.80 


Labor  on  Above 
290  hours  @  i 
Overhead,  MV 


.3  per  hour 

expense,  and  miscellaneous 


expense  at  $2  per  hour 
Total  Capital  Expense 


$  870.00 
580.00 


(Continued  on  next  page) 


1,^1-50.00 
3,450.20 
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Ifeintenance  Materials 

Cylinders  of  0.  P.  nitrogen  gas^ 

22^  cubic  feet,  5  @  $50 
C  pressure  testing  concentrate, 

h3  "bottles,   h  ounce 

Nfe.intenance  Labor 

2^1-0  hours  at  $3  per  hour 
Overhead,  M7  expense,  and  miscellaneous 
expense  at  $2  per  hour 

Total  Maintenance  Expense 

Grand  Total 


^ 


$  250.00 
50.00 

$  720.00 
ifSO.OO 


$  300.00 


1,200.00 


$  1,500.00 
$  i^, 950. 20 
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A.  Letter  Symbols  used  in  figures  shown  "below: 

V  -  Pressure  Testing  Valve 
C  -  Pressure  Contactor 
P  -  Pressure  Testing  Plug 

B.  Figures  for  Letter  Symbols: 


o 


Used  for  Aerial  Cable.  If  used  on 
underground  cable  it  indicates  de- 
vice is  in  manhole. 


2 


Used  for  underground  or  buried  cable 
to  indicate  device  is  on  a  pedestal 

or  stub  pole  or  in  a  handhole  adjacent 

to  cable  route. 


C.  Examples  of  Symbol  Usage: 


o 


A  valve  on  aerial  cable  or  in  a  man- 
hole on  underground  cable.  ^ 


o 


Pressure  Contactor  on  aerial  cable  or 
in  manhole  on  underground  cable. 


o 


A  valve  on  underground  or  buried  cable 
but  located  on  a  pedestal  or  stub  pole 
or  in  a  handhole  adjacent  to  cable 
routes. 


O 


& 


■&-^ 


A  by-pass  valve  around  a  plug, 


A  plug  in  a  terminal  stub  or  a  branch 
cable . 


PRESSURE  EQUIPMENT  SYMBOLS 
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1.   GENERAL 


'^i~tAM, 


P^f(^ 


1.1  The  physical  construction  practices  associated  with  the 
installation  of  the  SAVE  systems  are  basically  in  accordance 

with  TE&CM  64.1,  "Construction  of  Buried  Plant  Plant"  and  TE&CM  6^2, 
"Staking  of  Buried  Plant";  REA  Form  511a,  "Specifications  and 
Drawings  for  Construction  of  Buried  Cables  and  Wires";  and  the  REA 
Splicing  Standard  PC-2.  This  section  introduces  guidelines  and 
recommendations  for  outside  plant  facilities  used  in  the  Serving 
Area  Value  Engineering  (SAVE)  method  for  designing  rural  telephone 
systems.  REA  TE&CM  Section  230,  "General  Principles  of  Serving 
Area  Value  Engineering",  Section  231,  "Design  Techniques  of  Serving 
Area  Value  Engineering",  Section  232,  "Transmission  Design  Considera- 
tions of  Serving  Area  Value  Engineering"  and  TE&CM  Section  629, 
"Cable  Plant  Layout-Serving  Area  Value  Engineering  for  Riiral  Systems", 
describe  the  concept. 

1.2  This  section  introduces  the  Serving  Area  Interface  (SAI)  for 
use  in  REA  borrowers  systems.   The  SAI  is  the  interconnection 

point  between  the  feeder  circuits  from  the  Central  Office  and  the 
distribution  pairs  from  subscribers  within  the  Serving  Area. 

1.3  The  function  of  the  Serving  Area  Interface  (SAI)  housing  may 
be  to  provide  the  capacity  needed  for  the  placement  and 

termination  of  electronic  equipment  and  the  feeder  and  distribution 
cables  as  required  for  that  particular  serving  area  for  an  average 
serving  life  of  25  years.   By  need,  therefore,  the  size  and  internal 
components  of  the  housing  must  be  so  designed  to  provide  adaptation 
to  the  various  manufacturers'  component  equipment,  the  necessary 
splicing  and  cross- connecting  with  testing  access  to  provide  for 
the  operational  function  of  the  SAVE  system.   In  addition,  the 
housing  must  also  provide  physical  environmental  protection  to 
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eliminate  the  problems  associated  with  blowing  snow,  dirt,  dust, 
insects,  rodents,  heat  and  ultra-violet  light. 

1.^  The  Engineer  should  give  consideration  to  the  degree  of 

installer  activity  anticipated  at  each  SAX  before  deciding 
upon  the  type  of  internal  components  to  be  placed  within  the 
housing.  The  majority  of  SAI  locations  will  generally  have  less 
than  25  feeder  pairs  assigned  initially  and  anticipated  to  seirve 
a  respective  serving  area  -  this  condition  should  be  considered  by 
the  Engineer  as  a  Low  Activity  Serving  Area  Interface  location. 
A  High  Activity  SAI  location  would  be  where  there  is  needed  more 
than  25  feeder  pairs  initially  and  where  it  is  expected  that  the 
number  of  feeder  pairs  will  continue  to  increase.  A  condition  such 
as  this  would  generally  be  relatively  close  to  a  town  area  and 
usually  at  sub-divisions  or  land-development  locations. 

1.5  At  SAI  Low  Activity  locations,  consideration  should  be  given 
to  the  use  of  the  conventional  hard  wire  splicing  with 

distribution  pairs  spliced  directly  to  feeder  pairs.   It  is 
suggested  that  carrier  pairs  from  both  the  central  office  and 
carrier  terminal  W  drops  be  spliced  with  splice  modules  or  blocks 
and  positioned  as  indicated  in  the  drawings  on  pages  3,  4->  and  5- 

1.6  At  SAI  High  Activity  locations  where  there  are  25  or  more 
feeder  pairs  assigned  for  distribution,  consideration  should 

be  given  to  the  use  of  25  pair  feeder  and  distribution  cross-connect 
modules  or  blocks  for  the  termination  of  the  feeder  assigned  pairs 
and  termination  of  the  distribution  cable(.s).   In  addition,  it  is 
suggested  that  the  carrier  pairs  from  the  central  office  and 
electronic  equipment  be  spliced  with  splice  modules  or  blocks  as 
shown  in  the  drawings  on  pages  6,  7  and  8.   It  generally  will  not 
be  necessary  to  provide  splice  rack  mounts  for  placement  of  splicing 
modules  or  blocks  except  where  in  the  Engineer's  judgement  that 
good  housekeeping,  because  of  very  large  size  cable,  is  necessary. 


1.7  Consideration  should  be  given  to  the  direct  burial  of  load 
coils  when  more  than  25  pairs  are  to  be  loaded  at  either  the 

low  activity  or  high  activity  SAI  locations. 

1.8  As  will  be  indicated  by  the  values  obtained  from  the  SAVE 
design,  the  sizing  and  assignments  of  the  feeder  and  distri- 
bution cables  and  the  physical  components  to  be  placed  will 
determine  the  particular  size  of  the  physical  cabinet  or  housing 
that  will  be  required  at  a  particular  location. 
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2.   HOUSING  CABINETS 

2.1   The  basic  SAI  housings  or  cabinets  considered  necessary  to 
support  the  operational  function  of  the  SAVE  system  are  as 
fol lows: 

BDS-IOO  Buried  Cable  and  Wire  Housing 
BDS-200  Buried  Cable  and  Wire  Housing 
BDS-300    Buried  Cable  and  Wire  Housing 

The  following  modifications  using  suffixes  apply  to  the 
buried  wire  and  cable  housings: 


><:'^.' 


Suf f  ix 
A.- 
F  - 
P  - 
R  - 
S  - 


Indicates  pole  mount  for  use  with  the  BDS-IOO  or 

BDS-200  housing. 

Indicates  a  concrete  slab  for  use  with  the  BDS-200 

or  BDS-300  housing. 

Indicates  a  plastic  pad  for  use  with  the  BDS-IOO, 

BDS-200  or  BDS-300  housing. 

Indicates  a  crushed  stone  or  gravel  bed  for  use  with 

the  BDS-IOO,  BDS-200  or  BDS-300  housing. 

Indicates  a  stake  mount  for  use  with  the  BDS-IOO, 

BDS-200  or  BDS-300  housing. 
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2.3  Suitable  electronic  equipment  may  be  installed  within  the 
housing  where  space  is  available.  REA  will  indicate  in 
the  List  of  Materials  what  type  of  electronic  equipment  is 
satisfactory  for  installation  in  a  particular  manufacturer's 
housing . 

3.   BITERUAL  CABINET  BRACKETING 

3.1  The  housing  manufacturer  of  the  Serving  Area  Interface 

housings  (SAI)  shall  provide  the  internal  bracketing  for 
the  mounting  of  specific  system  components  (splices  and  cross- 
connect  modules  or  blocks)  or  splicing  ladders  etc. ,  for  hard 
wire  (mechanical  splice  connector)  splicing.   It  is  of  major 
importance  that  the  Engineer  designate  only  one  manufacturer's 
system  components  for  a  particular  SAVE  project.  This  is 
necessary  to  eliminate  confusion  in  installation  and  in  the 
operational  functions. 

A.   SPLICING  COMPONENTS 


^.1  The  basic  physical  splicing  components  for  the  SAVE  system 
are  as  follows: 


4-.  11  The  splice  modules  or  block  will  generally  be  a  25-pair 

splice  connector  with  individual  pair  test  facilities  and 
provisions  for  bridge  splicing  and  conductor  transfers. 

4-.  12  The  feeder  cross-connect  modules  or  blocks  will  generally 
be  of  a  25-pair  capacity  with  individual  pair  test 
facilities  and  provisions  for  cross-connect  jumpering.  The  feeder 
cross-connect  module  or  block  is  capable  of  terminations  of  feeder 
cable(s),  load  coil  lead-out  conductors,  and  for  placing  jumper 
wire  to  the  distribution  cross-connect  modules  or  blocks.   The  color 
green  has  been  designated  to  identify  the  feeder  cross-connect 
module  or  block. 

4-.  13  The  distribution  cross-connect  module  or  block  is  also 

generally  of  a  25-pair  capacity  with  individual  pair  test, 
facilities  and  provisions  for  cross-connect  jumpering.   The  distri- 
bution cross-connect  module  or  block  is  capable  of  terminating 
distribuirion  cables  and  for  placing  jumper  wire  to  the  feeder  module 
or  blocks.  The  color  blue  has  been  designated  to  identify  the 
distribution  module  or  block. 


4..  14  The  color  yellow  has  been  designated  for  splice  or  cross- 
connect  modules  or  blocks  used  for  carrier  pair  terminations. 
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5.   INSTALIATION  PROCEDUBES 

5.1  As  indicated  in  paragraph  1.1,  the  installation  practices 
for  the  placement  of  cable  are  contained  in  TE&CM  64-1, 

"Construction  of  Buried  Plant",  TE&CM  64-2,  "Staking  of  Buried 
Plant",  REA  Form  511a,  "Specifications  and  drawings  for  Construc- 
tion of  Buried  Cables  and  Wires",  and  the  REA  Splicing  Standard 
PC-2.  All  terminations  to  be  made  within  the  interface  housings 
should  be  determined  from  the  TE&CM  629,  "Cable  Plant  Layout  - 
Serving  Area  Value  Engineering". 

5.2  In  addition  to  the  design  and  installation  practices  as 
indicated  in  paragraph  5.1?  special  considerations  must  be 

given  to  the  placement  of  the  SAI  cabinets  or  housings.   The 
Serving  Area  Interface  housing  should  not  be  located  at  ground 
level  in  possible  high  water  areas.   In  addition,  the  Engineer 
should  give  consideration  to  accessibility  to  the  location  of  the 
SAI  housing  for  initial  installation  and  for  future  installer 
activities. 

5.21  The  Engineer  should  inspect  each  SAI  location  after 

determining  whether  the  SAI  is  to  be  considered  as  a  high 
activity  or  low  activity  housing  as  indicated  in  paragraph  1.4^  to 
evaluate  the  type  of  mounting  that  will  be  required  for  each 
particular  SAI  housing. 

5.211  Considerations  for  the  mounting  of  BDS-300  housings: 

1.  Concrete  Slab  (poured-in-place  or  pre-cast) 

(a)  Where  loose  or  fluid  solid  will  not  give  a  firm  base 

2.  Crush  rock  or  plastic  pad 

(a)  Where  housing  is  located  in  heavy  brush  area  (high 
activity  housing) 

(b)  Where  esthetic  value  is  demanded 

(c)  Where  mud  conditions  are  prevelent  (high  activity 
housing) 

3.  Stake  moiint 

(a)   Normal  conditions 
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1% 


•) 


3.   Stake  Mount 

(a)      Nonnal  conditions 
4-.      Pole  Mount 

(a)  High  water  area 

(b)  Heavy  brush  area 

5.22  Protection  should  be  given  to  all  SAI  housings  at  locations 
susceptible  to  vehicular  damage.   It  is  recommended  that 

stub  poles  be  used  for  guard  purposes. 

5.23  Specific  installation  instructions  for  pad  or  slab  base 
preparation,  slab  or  pad  installation,  and  the  assembly 

and  installation  of  the  housing  shall  be  provided  by  the  housing 
manufacturer  and/or  the  Engineer. 

5.24.  Where  a  slab  is  required  for  mounting  both  a  physical  SAI 
and  electronic  housing,  the  width,  length  and  thickness 
of  the  slab  with  the  necessary  reinforcing,  if  required,  should 

be  determined  from  both  the  electronic  equipment  housing 
manufacturer  and  the  physical  SAI  housing  manufacturer  require- 
ments.  It  is  necessary  that  the  20-inch  minimum  separation  be 
maintained  between  the  physical  cabinet  and  the  electronic 
cabinet  to  facilitate  the  conduit  placement  between  the  housings. 


■>^* ' 


6" 

6"  min. 

6" 

Tm  n  , 

mm. 

SAI  housing  or 
electronic  equip- 
ment housing 

y^ 

/ 

( 

it  housing  -^ 

VSAI 

housing 

^      t-\j     iTnn»       > 
or  electronic  equipmei 

Notes :  1 , 


2. 


Specific  instructions  for  the  preparation  and  construction 
of  the  slab  will  be  provided  by  the  SAI  and  electronic 
housing  manufacturer  and/or  the  Engineer, 

Where  housings  may  be  susceptible  to  vehicular  damage, 
place  pole  stubs  or  posts  at  positions  outside  of  the 
slab  area  as  shown  on  Guide  Drawing  lOOi;, 
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5.25  Where  both  a  physical  SAI  housing  and  an  electronic 
cabinet  are  to  be  placed  on  a  common  slab,  a  3-inch 
flexible  conduit  should  be  placed  between  the  two  cabinets  to 
facilitate  the  placement  of  the  electronic  cable  stub.   In 
addition,  two  2-inch  conduits  should  be  stubbed  out  from  the 
physical  SAI  cabinet  to  both  sides  of  the  slab  for  future 
cable  additions,  and  a  spare  2- inch  conduit  stubbed  out  for 
possible  future  electronic  equipment  stub.  A  typical  plan  view 
and  side  view  of  these  requirements  is  shown  in  the  following 
drawings: 
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2"  ducts 

for  futu2:e 
use 


Concrete  slab 


3"  duct 


■*■ 


OOq^ 


o 


M 


fi 


1 

Electronicl 
eqiiipment  i 
cabinet       , 


!       ^SAI  cabinet 

p^  2"  duct  for  future  carrier  expansion 


2»  min. 


Plan  view 


2"  conduit  for 
future  cable 
additions 


Feeder/distribution 
cable  location 


-When  conduits  are  not  to  be  used 
initially  they  shall  be  sealed 
with  heat  shrinkable  tubing. 


8"  nominal  for  con- 
duits entering  ini- 
tially placed  housing 
or  cabinet. 


/ 


Where  cabinet  is  not  to  be 

i  placed  until  future  date, 
cut  off  conduits  flush  with 
, , .  slab  top 

and  cap. 


Side  view 


3"  flexible  plastic 
conduit 


Cut  drainage  hole  at  low  poiiit 
of  conduit 


^ 
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TYPICAL  SAI  CRUSHED  STOKS  OR  GPA7EL  PAD  MOUllT 


,Fo2ms  shall  be  of  treated  wood 
such  as  crossarms,  poles,  etc, 
and  anchored  sectirely  in  place. 


-1 2  "  " 


20"  Min.- 


1^   £> 


12"- 


SAI 

[lousing 

A 

Electronic  equip- 
ment cabinet 


Where  ho'.isings  rcay  be  susceptible  to 
vehicular-?  dajnage,  place  pole  stubs 
or  posts  as  required.  A  reflective 
warning  material  shall  ce  placed^ 
near  top  of  poet  or  stub  as 
specified  by  the  Engineer. 


/ 


min.  depth  of  crushed 
stone  or  gravel 


• 


T/'\.w^7';-.-  ^^      n 


^^M^W^fW^ 


'J 


Note:  Housing  and/or  cabinet  is  to  be  mounted  in  position  prior 
to  placement  of  crushed  stone  or  gravel. 
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5.26  Where  the  SAI  housings  do  not  have  the  capability  to 

provide  internal  electronic  equipment  then  the  Consulting 
Engineer  should  provide  for  both  the  SAI  housing  and  electronic 
equipment  to  be  placed  separately. 

5.261  Typical  installations  of  various  SAI  and  electronic 
equipment  housings  are  indicated  as  follows: 

A.  Typical  installation  of  a  stake  mounted  SAI  housing 
with  electronic  cable  stub  to  electronic  housing 
slab  mounted. 


^Y>%i 


^ 


Electronic  equipment 
cabinet 


SAI  Housing 


Electronic  cable 
stub  (BM90) 


Place  conduit (s)  if 
required  by  engineer 


^Cable  to  next  housing 


Place  6"  min.  of 
pea  gravel  (as 
required) 

TcC.  0. 


■'•■''-•X-' 
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B.  Typical  installation  of  a  SAI  housing,  stake  mounted, 
with  cable  stub  to  electronic  pole  mounted  equipment. 


SAI  Housing 


wf//m/mm/  - 

Place  6"  min,  of  ^ 
pea  gravel  (as  ][ 
reqiiired) 


n 


Electronic  equipment 
cabinet 


Cable  "IT"  guard 


jT~ — f mr^ 

!  !         2U"  min.     til'    I 


w^//fm//// 


Cable  to  next  housing  Cable  to 

C.  0, 


r   I  ^r^ Place  conduit  (s)  if  required 

I   '^  by  engineer 

^Electronic  cable  stub  (BM90) 


C.  Typical  Installation  of  a  SAI  housing,  po'ie  mounted,  with 
cable  stub  to  electronic  housing  slab  mounted. 


Electronic  Equipment 
Hous  ing  -— > 


\VV#*^\# 


r — ^ 

24"  Min, 

V_L 


-WW 


SAI  Housing 


Cable  "U"  Guards 
as  required 


I 


-wwww 


-o> 


Electronic  Cable 
Stub  (BM  90) 


Cable  to  next 
SAI  housing 


\ 


Cable  to  CO. 
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D.   Typical  installation  of  a  SAI  housing,  pole-mounted, 
with  cable  stub  to  electronic  pole-mounted-equipment, 


SAI  Housing > 


Place  cable  "U"  guards 
(as  required) 


\ 


2k"   min.    '  ' 

i 


/ 


-Electronic  equipment  cabinet 


Note:  "H"  type  pole 
construction  may  be 
desirable  based  upon 
size  of  housing. 


Place  cable  "U"  guards 
(as  required) 


JAV///^W 


Cable  to  next  housing 


^ — -Electronic  cable  stub  (BM90) 
Cable  to  C,  0, 


5.27  Where  the  bottom  of  the  housings,  when  slab,  pad  or  stake 
mounted,  is  open  to  ground  exposure,  a  minimum  of  six 

inches  of  pea  gravel  should  be  placed. 

5.28  Where  non-filled  type  cable  is  installed  within  the 
housing,  moisture  blocks  should  be  installed. 

5.29  Specific  installation  instructions  for  the  housing,  stake- 
or  pole-mounted  assembly  will  be  provided  by  the  housing 

or  cabinet  manufacturer. 
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5.30  The  spearate  stakes  of  stake-mounted  housings  should  be 
driven  a  minimum  of  i2-inches  in  undistrubed  earth  in  a 
vertical  position  and  faced  in  accordance  with  the  housing 
manufacturer's  instructions. 


5.31   Typical  installation  of  direct  buried  load  coil  case  or 
buried  splice  enclosure. 


Ground  Level 


'n   \\W^"^?5^ 


18"  min. 


•Load  coil  case  or 
splice  enclosure 


Treated  Plank 


Fill  the  trench  with  soil  to  6 
inches  above  top  surface  of 
load  coil  case  or  buried  splice 
enclosure  and  compact  soil 
carefully.   Place  treated  plank 
over  top  of  installed  case  as 
shown.   Compact  trench  fill 
carefully. 

Where  a  firm  base  cannot  be 
obtained,  place  the  load  coil 
case  or  splice  enclosure  on  a 
treated  plank  as  shown. 
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5.32  Typical  Installation  of  handhole  with  splice  enclosu 


re, 


Ground  Line 


Ground  Line 


The  Installation  of  the  handhole,  cable  and 
splice  enclosure  shall  be  in  accordance  with 
the  manufacturer's  instructions. 
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5.33   Indicated  on  the  following  sketches  are  typical  CXR  pair 
termination  assignments  on  modules  within  SAI  housings: 


Typical  CXR  pair  termination  assignments  on  modules 
within  SAI  housings 
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Appears  on 
Station  I nsta I ler 
Side  of  Housing 


Green  x-connect 
modu le 


126-150  Ele.  Stub 


Feeder  Block 
Connect  to  Drop 
Side  of  24  channel 
PCM  Terminal 


A  50  pair  cable  with  a  150  pair  electronic  screen 
cable  stub  from  Electronic  Equipment  with  one  24 
channel  PCM  Terminal.   (Same  arrangement  for 
concentrators  or  station  carrier.) 
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Typical  CXR  pair  termination  assignments  within  SA!  housings 
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side  of  screen 
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A  50  pair  screen  cable  with  a  100  pair  electronic 
cable  stub  from  electronic  equipment  is  shown. 
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6.   BONDING  AND  GROUNDING 


6.1 


As  Indicated  In  paragraph  1.3,  a  function  of  the  Serving  Area 
Interface  cabinet  or  housing  is  to  provide  for  the  application 
of  electronic  equipment.   Because  of  transmission  and  protection 
requirements  It  Is  of  the  utmost  importance  that  the  bonding  of  cable 
shields  be  Installed  In  accordance  with  the  bonding  connector 
manufacturer's  instructions.   In  addition,  only  bonding  connectors 
that  are  accepted  by  REA  should  be  used. 

6.2  Any  housing  or  cabinet  which  Is  placed  within  a  radius  of  6 

feet  of  a  power  pole  must  have  a  number  6  gauge  ground  wire 

bonded  to  the  power  ground  conductor.   Refer  to  TE&CM  816  Addendum  I, 
"Electrical  Protection  of  Buried  Plant"  for  details. 
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1.  SCOiS 


1.1  This  Bectlon  dlacuaaes  conaldepatlona  involTad  in  joint  uaa  of 
polaa  for  rural  power  and  talapbona  eireuita  undar  eonditiona 
where: 

1.11  Telephone  circuita  are  open-wire. 

1.12  Electric  power  circuita  are  of  the  ■ultigrounded  neutral 
tyfc  whose  voltage  to  ground  doea  not  exceed  8700  volte . 

1.2  For  joint  use  in  situations  not  covered  by  1.1,  apecial  study 
of  the  factors  involved  will  be  required  to  determine  the  neces- 
sary clearances,  separations,  and  protection  arrangeaenta. 
Aaong  conditions  not  covered  in  this  aection  are  thoee  tdieret 

1.21  Telephone  circuits  are  in  cable. 

1.22  Electric  power  circuita  are  of  the  delta,  unigrounded 
zMutral  or  ground  return  type. 
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1.23 


Blectric  pow»r  c|.rculta  ape  of  the  arultlgrouadBd 

S^;^  .!^  ^^  ''^'^   Toltage  to  ground  exceeds 
8700  Tolta. 


1.3 


For  the  condition  described  In  1.1,  this  section  provide. 
Information  on  requirements  for  clearances,  separations. 
pole  strengths,  and  (brotection,  together  with  guides  foi 
det«minatlon  of  classes  and  heights  of  poles  for  typical 
condltlo^s  encountered  in  the  field. 


2.     GENERAL 


2.1 


2.2 


2.3 


Joint  use  of  poles   in  rural  areas  offers  opportunities  for 
economies   In  the   ctenatruction  of  pole   lines  for  providing 
telephone  and  eleciirlc  service.      The  nuucimum  econooiies  are 
associated  with  pn^lm  Unes   constructed  expressly  for  Joint 
use.     Where  Joint  use  is  to  be  undertaken  on  an  existing 
electric  pole  Una,   which  represents  the  majority  of 
situations   that  ^U  be  encountered,   the  economies  avail- 
able,   if  any,   will  be  in  inverse  proportion  to  the  extent 
that  modif icatloms  in  the  pole  line  are  required  to  make  it 
auiUble  for  Joint  use.      The  modifications  required  are 
dettnnlned  by  the  necessity  of  providing  adequate  pole 
atrbogth,   proper  ground  clearance  and  conductor  separations 
to  assure  safety  in  the  operation  of  telephone  circuits  in 
dose  proximity  to  power  circuits. 

The  requirements  of  this  section  of  the  manual  are  based  on 
conformity  with  applicable  provisions  of  the  National 
Electrical  Sa.fety  Code    (NESC)  Fifth  Edition.      The  pro- 
visions of  NSSC  form  the  bases  of  the  publication  "Joint 
Pole  Practices  for  Supply  and  Communication  Circuits"  of 
the  Edison  Blectric  Institute    (Pub.  M-12)  and  the  Bell 
Telephone  System. 

2.21     Beoauie  the  NESC  did  not  cover  Joint  use  in  long-span 
construction,  additional  provisions  are  necessary  to 
assui:^  adequate  separation  in  mid  spans.     Requirements 
gov*mlng  long-span  Joint  use  were  issued  by  the  EEI 
and  Bell  System  in  19^6  as  part  5  of  the   "Joint  Pole 
Practices"  mentioned  In  paragraph  2.2.     Experience 
wltko  the  practices  outlined  In  part  5  has  been  satis- 
facLoiry  and  forms  the  basis  for  the  requirements  of 
this  section  for  long-span  construction. 

In  addition  to  the  provisions  of  the  NESC,  all  Joint  con- 
struction should  be  in  conformance  with  state  and  local  laws 
or  ordinances  applying,  where  they  may  be  more  stringent  than 
the  NE4C.     Since  Joint  construction  will  involve  attacJriroenta 
to  poloa  owned  by  a  power  organization,   the  provisions  of 
8pecll?ications,   if  any,   of  the  owner  of  the  poles  to  which 


-2- 


RSi  IS  &  CM  690 


) 


1. 


attacfaaenta  are  aada,  should  ba  foUoved. 
STRENGTH  REQUIREMENTS 


^^<■':v; 


I 


) 


3.1  The  Rational  filectrical  Safety  Coda  provldaa  that  where 
coordinated  electrical  protection  is  provided,  Grade  C 
construction  for  joint  use  poles  and  for  the  power  con- 
ductors can  be  used.  The  protection  requirements 
discussed  in  paragraph  6  of  this  section  are  based  on 
providing  adequate  coordination  of  electrical  protection, 
Where  the  coordinated  protection  pattern  established  in 
paragraph  6  is  not  carried  out  in  Joint  Construction, 
Grade  B  construction  would  apply.  Grade  B  construction 
strength  requiresoents  aire  such  that  the  economies  of 
joint  use  would  be  Jeopardized.   Coordinated  electrical 
protection,  accordingly,  must  be  provided  in  all  joint 
use  situations. 

3.2  For  Grade  C  construction,  the  NESC  requires  that  the  poles 
withstand  the  transverse  and  vertical  loads  for  the  appro- 
priate loading  zones  without  exceeding  50%  of  the  ultiinate 
fiber  strength  when  new  and  73%  at  replacement.  For  new 
joint  use  construction,  this  means  that  a  margin  of  strength 
of  two  for  the  poles  should  be  provided.  Vfhere  joint  u^e  is 
to  be  established  on  an  existing  pole  Hne,  use  the  same 
minimum  margin  of  strength  for  the  poles  as  for  a  new  joint 
pole  line.  For  convenience,  in  the  usual  situations,  it 
can  be  assxmied  that  all  poles  in  an  existing  pole  line  have 
the  same  strength  as  when  new. 

3.3  In  considering  margin  of  strength  of  joint  poles,  the  con- 
tribution to  loading  of  all  conductors  on  the  pole  line 
shotild  be  included.  The  methods  of  calciilation  of  loading 
and  pole  strengths  are  provided  in  the  discussion  of  NESC. 
Paragraph  10  in  this  section  describes  charts  (included  in 
Reference  Data)  which  show  the  ability  of  poles  in  a  given 
class  to  support  various  span  lengths  for  various  combin- 
ations of  conductors. 

«..   CLEARANCE  AND  SEPARATION  REQUIREMENTS 

4.1  Clearance  requirements  as  disctissed  in  this  section  apply  to 
horizontal  or  vertical  clearances  from  ground  or  foreign 
structures.  Separation  applies  to  sepairation  between  power 
flmd  telephone  conductors  supported  by  the  same  structxires. 

4.2  Clearances  Above  Ground 

4.21  The  NESC  reconmieDds  that  telephone  conductors  be  placed 
in  the  lowest  position  at  crossings  or  in  joint  use 
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with  po\mr   eirouits.  Therefore ,  rvquiraaentfl  for 
▼•rtieal  olaarancea  above  ground  for  telephone  con- 
duetore  will  control  the  pole  height  requireiBsnta  in 
Joint  use.  Section  602  of  the  Telephone  Engineering 
end  Conetruction  Manual  provides  data  on  ground 
olearanoe  requirensnte  vfaich  should  be  followed  in 
the  design  of  Joint  use  pole  lines. 

4.3  Separation  f^^ween  Blectric  and  Telephone  Circuits 

4.31  The  National  Sleet  rieal  Safety  Coda  has  established 
BinijBum  separatioios  between  electric  and  telephone 
oircuits  at  the  s-upp>ort  and  in  the  span.  For  long  span 
construction,  additional  requirements  have  been  estab- 
lished to  provide  additional  safeguards  against  con- 
tacts under  storm  loading  conditions  and  during  wire 
stringing  operations. 

4.32  The  nlnlrfiuM  sep>aration  reqixireoisnts  for  long-span 
construction  tJrn   outlined  in  paragraphs  ^.33  through 
4.37  below  and  are  illustrated  in  figures  1  and  2. 

4.33  The  point  of  Attachmont  of  the  telephone  conductors 
at  supports  is  determined  by  consideration  of  the 
separation  r^quireioents  listed  in  paragraphs  U,3A 
through  4.36.  The  greatest  separation  required  to 
confono  to  the  requirements  of  any  one  of  the  ;)ara- 
graphs  is  the  separation  that  oust  be  used. 

A»3U     The  minimuBi  vertical  separation  between  power  and 
telephone  conductors  at  the  pole  and  in  the  span 
where  the  voltage  between  the  power  conductors  is 
8700  volte  or  less  is  UO   inches  at  the  pole  axKl 
30  inches  in  the  span.   (NESC  Rule  238A. )  For 
supply  conductors  over  8700  volts  these  distances 
are  60  aod  U5   inches,  respectively.  All  voltages 
are  the  Kdghest  voltage  between  power  conductors. 

Notet  )lultigrounded  neutral  conductors  are  classi- 
fied as  0-730  volt  co4.ductors  when  associated 
vith  power  circuits  whose  voltages  are  15»000  volts 
or  less. 

A. 35  The  ainiaue  vertical  separation  at  the  pole  of  para- 
graph 4.3ii  shall  be  so  adjusted  that  under  conditions 
of  60*=  F.  no  wind  and  ^T^ai  nyiloaded  sag,  no  supply 
conductor  of  0  to  750  volts  (secondary  conductors), 
shall  be  lower  at  any  point  in  the  span  than  a 
eiralght  line  (line  of  sight)  Joining  the  points  of 
support  of  the  highest  conimtmication  conductor  on 
adjacent  poles.   No  supply  conductor  of  more  than 
750  volte  (primary  conductors)  shall  be  lower  at  any 


m 
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point  in  the  ipan  than  30  inches  above  such  lins 
of  sight. 

4.36  An  exception  to  4*35  is  made  in  the  case  where  the 
supply  circuit  utilizes  a  multigrounded  neutral 
conductor  at  a  lovier  position  than  primary  and 
secondary  conductors.  In  this  situation  the  line 
of  sight  rule  of  4.35  does  not  apply  to  separation 
frcBi  the  neutral  conductors.  The  separation 
required  by  4*34  (40  inches  at  the  pole  euad  30 
inches  in  the  span)  does  apply  to  the  neutral  con- 
ductor but  the  provisions  of  paragraph  4.35  for 
phase  wire  and  secondaries  nuat  also  be  net. 

4.37  The  miniaiim  vertical  separation  at  suppoirts  between 
telephone  conductors  and  power  system  equipment  such 
as  treins formers  is  40  inches. 


'■■y/f'/. 


I 


5.  CLD4BING  SPACE  RE^UIBEICNTS 

5.1  Since  telephone  attachments  will  always  be  made  below  the 
power  conductors y  the  climbing  space  requirements  of  this 
paragraph  apply  only  to  telephone  attachments. 

5.2  ▲  climbing  space  of  at  least  30  inches  square  meaaui^d  hori* 
zontally  should  be  provided  past  any  telephone  conductors, 
crossarms  or  other  attachments.   The  climbing  space  shall 
extend  at  least  40  inches  vertically  above  and  below  the 
point  of  attachment.  (NESC  Rule  236E. ) 

6.  ELECTRICAL  PROTECTION  REQUIREMENTS 


■•-•X 


6.1  The  requirements  of  this  section  are  baaed  on  the  use  of 

coordinated  electrical  protection  schemes  on  the  power  and 
telepiione  systems.   Coordinated  electrical  protection  is 
obtained  where : 

6.11  The  power  and  telephone  circuits  are  so  constructed, 
operated  and  maintained  that  the  power  circuits  will 
be  promptly  de-energized,  both  initially  and  following 
subsequent  circuit  breaker  operation,  in  the  event  of 
a  contact  with  the  telephone  plant. 

6.12  The  voltage  and  cxirrent  impressed  on  the  communication 
plant  In  the  event  of  a  contact  are  not  in  excess  of 
the  safe  operating  limit  of  the  telephone  system  pro- 
tective devices • 

6.2  The  protection  arrangements  called  for  in  section  805  and 
section  820  of  the  Tfelephone  Engineering  and  Construction 
Manual  provide  a  means  of  achieving  the  requirements  of 
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paragraph*  6.U  and  6.12  above  and  theae  arrangements 
should  be  used  In  all  Joint  use  construction.     These 
arrangeoenta  can  be  sunnnarizad  as  follows: 


6.21 


6.22 


6.23 


Provision  of  approved  type  of  station  protectors 
at  each  subscriber  station  grounded,  if  possible, 
to  the  multigrounded  neutral. 

The  use  of  power  contact  protectors  at  the  intervals 
specified  in  section  820  and  inter-connsction  of  the 
ground  lead  of  the  protector  in  the  Multigrounded 
neutral  of  the  power  system. 

The  use  of  drainage  units  at  proper  intervals  to 
reduce  induced  voltages  to  safe  operating  values. 


7.   INDUCTIVE  COORDINATION  CONSIDSRATIOMS 

7.1  Inductive  interference  with  telephone  circuits  by  paralleling 
power  circuits  is  discussed  in  section  691  of  the  manual. 


7.2 


7.3 


Joint  use  of  poles  for  power  and  telephone  circuits  does  not 
increase  materially  the  noise  induction  considerations  involved 
with  parallels  at  roadway  separations,  if  care  is  taken  to 
provide  and  maintain  uniformity  of  wire  separations  including 
avoidance  of  sag  inequalities.  The  decreased  seoaration 
obtained  in  joint  use  necessarily  provides  more  severe 
coupling  conditions  than  roadway  separation.  This  is  some- 
what offset  by  the  improved  configuration  obtained  and  the 
more  uniform  separation. 

REA  construction  standards  for  joint  use  have  been  designed  to 
minimiae  induced  noise  and,  if  followed,  will  result  in  satis- 
factory operation  in  the  xisual  situation. 


e 


8.   ECONOMIC  CONSIDERATIONS 


8.1 


8.2 


The  primary  purpose  of  utilizing  joint  poles  for  rendering 
power  and  telephone  service  is  economic.   In  some  instances. 
Joint  use  may  be  desirable  to  soj.ve  right-of-way  difficxatiea 
or  structixral  conflicts  irrespective  rf  economies.   Joint  pole 
lines  are  often  preferred  over  two  separate  pole  lines  ^ere 
the  pole  lines  will  cross  over  cultivated  farm  lands. 

The  determination  of  econondles  in  Joint  use  is  discxjissed  in 
detail  in  REA  Bulletin  305-1  and  the  methods  of  determining 
rental  payments,  form  of  agreement  for  Joint  Use,  etc.,  are 
also  covered  in  this  bulleUn.  This  bulletin  should  be  con- 
sulted prior  to  undertaking  Joint  use  arrangements. 
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a.  3 


8.4 
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Ib  th«  usual  ease,  a  oav  pola  llna  oooatroetad  axprossly 
for  joint  usa  naarly  always  will  afford  aeononias.  Bscausa 
of  tba  praralanoa  of  alaotrie  sanrioa  throughout  rural  araas 
at  this  tiM,  howavar,  faw  opportunitiss  will  ba  aTailable 
to  obtain  joint  \jmm   undor  this  aost  fsTorabla  condition. 

Tha  noxaal  sitoation  that  will  ba  anoountared  is  whare  an 
axisting  alaotrio  pols  lina  raq\iiras  Bodifieation  to  »«»^ 
it  suitabla  for  joint  uso.  To  a  large  dagrae,  tha  extent 
to  which  joint  use  in  such  situations  is  econooLiceLl  will 
ba  dstaxwLnad  bj  tha  oosts  of  the  modifications  required. 
This  la  priaarily  a  function  of  pola  replaceoents  involred. 
Paragraph  10  pr^idas  a  nathod  of  estimating  pole  replace- 
■ants  for  clearance  or  atrength  reasons  in  a  given  sitioation. 
This  detemination,  together  with  the  guidance  provided  in 
RBi  Bulletin  303-1 >  oan  be  used  to  ascertain  whether  or  not 
joint  use  is  an  econcndcal  choice  for  particular  line  routes. 

9   3AFSTX  CONSIDERATIONS 


9.1 


> 


9.2 


Tha  separation,  protection  and  strength  requirements  outlined  in 
this  section  are  designed  to  provide  safety  to  life  and  property 
under  joint  use  conditions.  Bzperience  has  shown  that  conformance 
with  these  raquiraaents  results  in  a  high  degree  of  safety.  None 
of  these  reqtdrements  oan  reduce  the  hasards  associated  with  care- 
lass  construotion  praotieas  during  wire  stringing  operations. 


Sinoe  moat  joint  use  will  be  attained  on  an  existing  electric 
pola  line,  the  telephone  wire  will  necessarily  be  strung  xinder 
energised  power  conductors. 


9.3  Under  such  conditions,  adequate  precautions  must  be  taken  to: 

9. 31  Prevent  telephone  wires  from  coodng  into  contact  with 
energized  power  conductors. 

9.32  ftrevent  injury  to  workmen  in  the  event  such  contact  does 
occur. 


) 


9.4  To  achieve  the  objective  of  9.31  reqiiires  that  the  wire  be 
struzxg  with  great  care  and  that  the  pulling  tensions  be  kept 
low  and  applied  evenly  so  that  the  line  wirea  do  not  tend  to 
awing  upward  sufficiently  to  maka  contact.  Relatively  short 
sections  of  line  should  be  handled  at  one  time.  Rollers 
should  be  employed  at  angle  p>oints.  Obeervers  should  be 
placed  at  critical  points  to  control  the  wire  stringing. 

All  other  precautions  generally  associated  with  wire  stringing 
should  ba  employed. 

9.5  To  achieve  the  objective  of  9.32  requires  that  all  personnel 
handling  wire  wear  rubber  gloves  tested  for  20,000  volts 
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10. 


breakdown.  The  •quli»»nt  holding  tha  wire  reels  should 
be  bonded  to  the  oultigrounded  neutral  of  the  pover  system. 
Beoh  line  wire  should  be  tied  into  the  aultigrounded  zMutral 
before  teaaloniog  operatione  begin.  All  phases  of  the  oper- 
ation should  be  worked  out  on  the  baais  that  the  telephone 
vire  is  an  energized  conductor . 

CBTIBMINATION  OF  POLS  RSPULCEMBMTS  RBQUIRSD  ON  SXISTING  ELECTRIC 
POLE  LINES 


10.1  General:  In  oxnier  to  deterndne  Aether  an  existing  electric 
pole  line  can  be  utiliaed  to  support  additional  telephone 
conductors,  consideration  must  be  given  to  several  factors. 
The  poles  must  have  sufficient  strength  to  support  the 
additional  load  and'  be  of  sufficient  hei^t  to  pemit  the 
required  separation  to  be  observed  at  the  pole  and  in  mid> 
span  between  power  and  telephone  conductors  eind  to  provide 
reqxiired  ground  cleartuices  under  telephone  conductoz^  in 
the  section  of  line  under  consideration. 

10.2  Conductor  Separation  at  the  Pole:  The  separation  required 
between  power  conductors  and  telephone  conductors  is  an 
important  element  to  be  considered  in  making  a  determin- 
ation as  to  the  suitability  of  the  power  line  for  joint  use. 
For  this  purpose,  a  set  of  tables  (RD-Fig.  Nos.  18  through 
53)  is  providsd  to  indicate  the  required  separations  at  the 
pole  between  such  conductors.  The  following  factors  were 
taken  into  consideration  in  the  preparation  of  these  tables 
as  well  as  the  minimum  separations  stated  in  paragraj^is 
4.33  through  4.36: 

1.0.21  Pole  h^ad  configurations  of  power  conductors  were 

assumed  to  conform  to  those  shown  on  RD-Fig.  No.  16, 
attached. 

10.22  Separations  in  these  tables  do  not  consider  trans- 

fomers  or  other  power  equipnent  that  may  be  aottnted 
below  the  neutral.  The  proper  sepaz*ation  from  such 
items  snould  be  checked  in  each  individual  case. 
See  paragraph  4.37. 

10  3  f4ethod  of  Determining  Separation:  Since  it  is  more  desirable 
to  maintain  a  uniform  separation  between  the  power  euod  tele- 
phone conductors  throughout  the  section  of  line  than  to 
maintain  a  uniform  clearance  of  the  telephone  conductors  above 
ground,  the  matter  of  determining  pole  replacements  should  be 
approached  from  that  standpoint.  The  following  method  is 
suggested  for  determining  the  separation  to  be  used: 
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10.31  Obtain  from  the  power  organisation  as  much 
information  aa  poaaible  in  regard  to  the 
section  of  line  xinder  consideration  including 
staking  aheeta  wheneYer  ayailable. 


'"m 


10.32 


10.33 
10.34 

10.35 

10.36 

10.37 


I 


10.4 


) 


Determine  pole  head  configurations  showing 
relative  positions  of  phase  wires,  neutral, 
secondaries,  and  transformers  or  other  power 
line  pole  attachments. 

Detexmine  type  and  gauge  of  power  conductors  used. 

Determine  ruling  span,  actual  spans,  and  basic 
pole  height  use  in  the  power  line. 

Determine  the  applicable  loading  dijtrict  for  the 
section  of  line  under  consideration. 

Based  on  the  determinations  mads  above,  the  applicable 
separation  table  should  be  selected  (See  RD-Pig.  Nos. 
18  through  53). 

Generally  the  longest  span  in  the  joint  use  section 
will  dictate  the  maximum  separation  that  will  be» 
required,  in  some  instances,  however,  a  shorter  span 
with  underbuilt  secondary  conductors  may  require  a 
greater  separation.   In  the  ideal  situation,  this 
msTlwum  separation  would  be  used  throughout  the 
section.  A  check  of  the  pole  line,  however,  would 
be  necessary  to  determine  if  sufficient  ground 
clearance  can  be  maintained  throughout  the  section 
without  excessive  pole  replacements  or  additions. 
As  a  compromise  between  a  uniform  separation  and 
pole  replacements,  it  may  be  necessary  to  select  a 
lesser  separation  that  would  be  adequate  for  a  large 
majority  of  the  spans  and  to  vary  the  separation  in 
a  relatively  few  spans  in  order  to  prevent  excessive 
pole  replacements  or  additions. 

The  actual  determination  of  the  separation  to 
use  is  made  from  a  joint  consideration  of  providing 
uniform  separation  as  nearly  as  practicable  cuod  still 
provide  the  necessary  ground  clearance  under  the 
telephone  conductor  with  a  ni<n<nw«i^  of  pole  changes. 
A  preliminary  determination  can  be  made  from  the 
staking  sheets  of  the  power  line  and  then  field 
checked  for  proper  ground  clearance  requirements. 

Staking  Curves  I  The  attached  staking  curves,  RD-Pig.  Roe.  54 
through  62  were  prepared  to  facilitate  checking  of  existing 
pole  lines  from  a  clearance  standpoint.  The  following  factors 
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wtrs  taken  into  oouiideration  in  th«  preparation  of  thasa 
ourraa: 

10.41  Manufacturars  racoonnandad  atringlng  aaga  for 
telaphona  conductora,  b7  loading  diatrlcta. 

10.42  Talaphona  conductors  ware  aaaunsd  to  ba  main* 
tainad  at  tha  initial  unloaded  aaga  used  in 
stringing. 

10.43  Inereaantal  increase  in  ground  elearanca  require* 
■ants  of  one  Incli  for  each  10  feet  of  span  beyond 
tha  baaio  span* for  the  Tarioua  loading  districts. 

10.44  Separations  at  the  pole  of  ftoai  4  to  12  feet  in 
2  foot  intervals,  betvaen  power  line  neutral  and 
nearest  telephone  conductor. 

10.45  Standard  RBA  power  line  pole-head  configuration  with 
the  neutral  conductor  attached  21.0  feet  (for  30>foot 
poles)  and  25.5  feet  (for  35-foot  polea)  above  ground. 

10  5  Thm   following  procedure  is  suggested  for  determining  the  suit- 
ability for  joint  use  of  existing  power  line  poles  froa  a 
clearance  atandpoint: 

10.51  Baaed  on  the  required  separation  at  the  pole  detexnined 
in  paragraph  10.37,  the  height  of  poles  involved,  the 
type  and  £Tade  of  telephone  conductor  involved,  axkd  tha 
applicable  loading  district,  the  appropriate  ataking 
cxsrraa  (See  RD-Fig.  Nos.  54  through  62)  should  be 
selected  and  the  acceptability  for  joint  use  of  an 
existizag  pole  line  may  be  determined.  The  following 
examples  are  provided: 

Example  No,  1 

Conditions ; 

Telephone  Conductor 


• 


Loading  District 
Basic  Groimd  dearanca 
Span  Length 
Grovmd  under  span 
Power  pole  height 
Conductor  aeparatlon  at  pole 


.102  30%  KHS, 
Copperweld 
Heavy 
8  feet 
390  feat 
Level 
30  feet 
8  feat 
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SsisyiSBt 


step  It 
Step  2s 

Step  3s 

Step  Ui 
Step  5: 


Step  6s 


Select  chart  RD-Pig.  No.  54 
Select  eolunn  for  8  foot  basic 

ground  clearance 
In  above  colusn,  locate  8  foot 

conductor  oeparation 
Locate  curve  indicated  bj  arrow 
FoUov  curve  to  point  of  inter- 
section with  "zero"  line  for  a 
30  foot  pole 
Drop  dovn  vertically  from  this 
point  to  the  horizontal  scale 
and  r9ad  the  maxionra  permissible 
span  length.   (Hots:  In  this 
instance  the  permissible  span 
length  is  398  feet.  Since  this 
exceeds  the  3*^  feet  established 
under  "conditions,"  sufficient 
ground  clearance  will  be  available). 


> 


Conditions  x 

Telephone  Conductor 

Ti^oerilng  District 
Basic  Ground  Clearance 
Span  Length 
Ground  under  span 

Power  pole  height 
Conductor  separation  at  i>ole 


.102  30$  EHS, 
Copperweld 
Heavy 
8  feet 
300  feet 
2-foot  ridge 

(midspan) 
30  feet 
8  feet 


Solutions 


> 


Step  Is  Select  chart  RD-Fig.  Mo.  54 

Step  2:  Select  eolum  for  8  foot  basic 
ground  clearance 

Step  3s  In  above  column,  locate  8  foot  conductor 
separation 

Step  4s  Locate  curve  indicated  by  arrow 

Step  5:  Follow  curve  to  point  of  intersection 
with  horizontal  line  representing  a 
2-foot  ridge  for  a  30  foot  pole 

Step  6:  Ihrop  down  vertically  from  tliis  point 
to  the  horizontal  scale  and  read  the 
maximum  permissible  span  length.   (Notes 
In  this  instance,  the  pennissible  span 
length  is  310  feet.  Since  this  exceeds 
the  300  feat  established  under  "conditions," 
sufficient  groxmd  clearance  will  be  avail- 
able). 
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fiSBdmSftt 


T^l»phoJQ 

a  Conductor 

.102  30%  WS, 

Copperweld 

Loading 

Diatrict 

Heavy 

Basic  Ground  Claaranoa 

10  feet 

Span  Langth 

450  feet 

Ground  undar  span 

3-foot 

depression 

(midapan) 

Fowar  pola  haight 

35  feet 

Conductor  aaparation  at  pola 
Solutions 

12  feet 

Stap  Is 

Salect  chart  RD-Fig.  No. 

54 

Stap  2t 

Saloct  column  for  10  foot  basic 

ground  eloaranoa 

Stap  3t 

In  abova  column ,  locate  '. 
■  conductor  aaparation 

L2  foot 

Stap  4: 

Locate  curre  indicated  bj  arrow 

Stap  5t 

Follow  curve  to  point  of 

inter- 

section  with  horizontal  line 
rapreaenting  a  3-foot  depression 
for  a  35-foot  pole. 
Stap  6t  Drop  down  vertically  from  this  point 
to  the  horizontal  scale  and  read 
the  nwirliinnn  permissible  span  length. 
(Notat  In  this  instance,  the  per- 
missible span  length  is  453  feet. 
Since  this  exceeds  the  450  feet 
established  under  "conditions," 
sixfficient  ground  clearance  will  be 
available). 

10.6  Pola  Strength  Rtqulramants :  In  considering  joint  use  on  existing 
alaotric  pola  lines,  a  datandnation  should  be  made  of  the  ntunber 
of  poles  which  will  require  replacement  because  of  insufficient 
pola  strength.  Tba  attached  charts  (See  RD-Fig.  Nos.  1  through 
15),  have  bean  prepared  to  show  the  maximum  permissible  span 
langtha  for  varioua  elassaa  of  poles  ^en  considered  for  Joint 
usa  of  talephona  conductors  on  single-phaae  (two  wire)  and  three- 
phaaa  (four  wire)  power  lines.  In  the  preparation  of  the  attached 
charta,  consideration  was  given  to  the  following: 

10.61  Pola  Strength  oaloulationa  ware  baaed  on  a  margin  of 
strength  of  2. 
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10.62  Pover  Hm*  were  Msuned  to  be  REi-typ*  pola-head 
configurations  as  indicated  on  sketch  RD-Fig.  Ho.  16, 
attached. 

10.63  Average  power  conductor  dianeters  of  .400  inches,  .350 
inches,  .300  inches,  .250  inches,  and  .200  inches  were 
assuned  in  order  to  simplify  oaloulations . 

10.64  Iblephone  conductors  were  assunsd  to  be  carried  on  a 
single  orossam  located  below  the  power  neutral  con> 
ductor  and  with  separations  froD  the  power  neutral  as 
indicated  on  the  charts. 

10.65  An  average  diameter  of  .110  inches  was  assumed  to  be 
repreaentative  for  the  severed  types  of  conductors 
eommonlj  used  in  I^A  telephone  system  construction. 

10.66  loe  and  wind  loads  on  conductors  and  poles  as  estab- 
lished in  the  National  Electrical  Safety  Code  were 
considered  for  each  of  the  three  Loading  Districts. 

10.7  The  following  procedure  is  suggested  for  determining  the  suitability, 
for  joint  use,  of  existing  power  line  poles  from  a  strength  stand- 
point: 


10.71 


3 


Determine  the  number  and  diameter  of  the  power  conductors 
(phase  wires  and  neutral)  involved  in  the  section  of  pole 
line  under  consideration. 


(Notes :  1. 


2. 


See  RD-Fig.  No.  17  for  diameters  of 
conductors  commonly  used  in  REA  power 
line  construction. 

Spans  with  underbuilt  secondaries  will 
require  individual  study. (See  para- 
graph  10.76). 


> 


10.72  Determine  the  required  separation  at  the  pole  between 
power  and  telephone  conductors  (See  paragraph  10.3). 

10.73  Determine  the  nimber  of  telephone  conductors  proposed 
in  the  section  of  pole  line  under  consideration. 

10.74  Determine  the  applicable  loading  district  for  the 
section  of  pole  line  under  consideration. 

10.75  Based  on  the  determinations  made  above,  the  applicable 
pole  strength  chart  should  be  selected.  A  determination 
of  the  poles  requiring  replacement  for  strength  reasons 
can  then  be  readily  made  by  comparing  the  actual  spans 
involved  with  the  maximum  permissible  span  for  the  class 
of  pole  invol-ved. 
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10.76  Uben  underbuilt  aeeondarlos  are  pxvaant  In  a  apan 
the  pola  elasa  required  for  that  particular  apan 
maj  be  checked  by  considering  two  additional 
prinary  conductors  in  the  apan.  For  exaisple,  if  a 
single-phase  tvo-conduetor  power  line  is  being 
considered  for  joint  use  with  two  telephone  con- 
ductors, and  in  one  particular  span  one  or  two 
secondary  conductors  are  in  place ,  the  class  of 
pole  required  for  four  power  conductors  and  two 
telephone  conductors  would  be  adequate. 

(Note:  When  Msing   this  method,  if  the  indicated 
class  of  pole  falls  within  the  beginning 
of  a  higher  class  pole ,   a.  more  exact 
calculation  of  the  class  of  pole  required 
should  be  made  to  avoid  unnecessarily 
changing  out  a  pole . ) 

10.77  For  spans  requiring  a  higher  grade  of  construction  than 
that  provided  by  a  margin  of  strength  of  2,  an  approxi- 
mation of  the  maximum  permissible  span  for  any  class  of 
pole  can  be  made  by  reducing  the  maximum  span  indicated 
for  the  class  of  pole  involved  by  the  ratio  of  2  to  the 
higher  factor  required. 

10.78  The  results  of  this  study  will  Indicate  the  frequency  of 
pole  replacements  for  strength  reasons.  These  -replace- 
ments should  be  combined  with  pole  replacements  required 
for  clearance  reasons  (See  paragraph  10.5)  to  determine 
the  effects  on  economies  of  Joint  use.  It  is  important 
to  keep  in  mind  that  some  poles  replaced  for  strength 
reasons  might  also  have  to  be  replaced  for  clearance 
reasons.  The  total  pole  replacements,  therefore,  will 
not  necessarily  be  the  sum  of  the  two,  but  a  lesser 
figure. 

(Note:  Where  the  pole  replacements  or  additions  exceed 
an  average  of  2  per  mile  of  line,  the  economies 
of  joint  use  should  be  carefully  reviewed.) 


U.  STAKING  OF  JOINT  USE  LINES 


11.1  It  is  assimied  in  these  paragraphs  that  the  power  line  is  already 
constructed  and  staking  sheets  are  being  prepared  to  cover  the 
addition  of  telephone  plant  to  these  poles.  The  construction  of 
new  joint  use  lines  poses  a  different  staking  problem  in  that  the 
etaldng  of  poles  would  be  adapted  to  fit  both  the  telephone  and 
power  conductors.   In  the  case  at  hand,  the  line  was  staked  to 
fit  the  power  conductors  and   the  telephone  wires  must  now  be 
fitted  to  these  existing  poles. 
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11.2  3«paratlona  and  ClearaLDC«8 

II. 21  The  separation  between  the  multigrounded  neutral 
and  the  point  of  attachment  of  the  telephone 
eroesariB  has  been  determined  in  accordance  vith 
paragraph  10.37  based  on  the  section  of  line  under 
consideration.  This  same  separation  should  be 
maintained  at  every  pole  if  possible.  If  this  is 
not  possible  in  some  spans  due  to  insufficient 
clearance  above  the  grovind,  the  separation  between 
the  multigrounded  neutral  and  the  telephone  cross- 
arm  may  be  reduced  sufficiently  to  obtain  the 
necessary  ground  clearance  in  those  spans.  In  no 
event  should  the  separation  be  reduced  to  the  point 
where  less  separation  is  obtained  than  is  specified 
in  paragraphs  ^.34  through  ^.37. 

11.22  The  staking  engineer  must  examine  each  span  and  test 
for  ground  cleaurance  using  the  pi^vioualy  determined 
separation.  This  is  done  by  checking  the  span  against 
the  Staking  Curves  (RD-Fig.  No.  bU   through  RD-Fig. 
No.  62)  for  the  particular  telephone  conductor,  pole 
height  and  storm  loading  district  involved.   (See 
examples  in  paragraph  10.51  )  If  the  ground  clear- 
ance is  adequate,  the  engineer  indicates  on  the 
staking  sheet  the  point  at  which  the  telephone  cross- 
arm  should  be  attached.  If  the  ground  clearance  is 
not  adequate,  the  engineer  determines  at  what 
additional  height  the  attachment  would  have  to  be 
made  in  order  to  provide  ground  clearance.  He  must 
then  check  to  determine  the  adequacy  of  this  reduced 
separation  from  the  multigrounded  neutral.  This  is 
done  by  checking  the  minimum  separation  required  for 
the  type  of  telephone  conductor,  type  of  power  con- 
ductor, ruling  span,  actual  span  ajid  storm  loading 
district  Involved  (RD-Fig.  No.  18  throxigh  RD-Fig. 
No.  53.)  If  the  separation  needed  to  give  sufficient 
ground  clearance  is  leas  than  the  minimuin,  rearrange- 
ment of  the  power  line  equipment  or  installation  of  a 
higher  pole  will  be  required  at  that  point. 

11.3  Joint  Use  Pole  Top  Assembly  Units 

The  pole  top  assembly  units  and  wire  support  units  described 
briefly  in  the  following  paragraphs  with  recommendations  as 
to  their  application  to  Joint  use  construction  are  described 
in  deUll  in  section  625  of  the  Telephone  Engineering  and 
Construction  Manual  with  appropriate  ratings  as  to  the  loads 
which  these  units  will  safely  support.  These  units  and 
other  units  which  are  to  be  used  in  Joint  use  construction 
must  be  prefixed  with  the  letter  "N"  in  accordance  with  the 
instructions  relating  to  Joint  use  in  the  "Telepl.one  System 
Construction  Contract. " 
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11.31  Dnlt  PBl-^  -  Thl3  is  a  30'«  two-pin  crosaarm  mounted 
aa  an  axtenaion  am  and  supported  by  a  30"  wooden 
croaaarm  braea  to  carry  two  telephone  wires  on  one 
aid*  of  the  pole.  This  method  of  attachment  was 
chosen  in  order  to  leave  the  other  side  of  the  pole 
clear  to  meet  climbing  apace  requirements  and  to 
provide  horizontal  configuration  of  the  telephone 
conductors  for  transpoaition  and  inductive  coordi- 
nation reasons.  This  unit  is  used  in  conjunction 
with  a  T-1  or  T-2  unit  for  tangent  and  angle  pole 
construction. 


<• 


figure  U  -  PBl-4  Unit 


11.32     Unit  rei-l  -  This   is  an  18"  two-pin  crossarm  mounted 
on  the  pole  in  line  with  the  telephone  wires.      It  is 
used  with  a  T-3  unit  to  achieve  a  tandem  transposition 
in  tangent  construction  and  at  small  angles. 
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Figur«  5  -  FBl-1  Unit 

11.33  Unit  PBl-3  -  This  is  an  18"  two-pin  croesarm  with 
a  20"  cross  aim  braca  moiintad  on  the  pole  in  line 
with  telephone  wires.   It  Is  used  in  conjunction 
with  a  T-3  or  T-dt  unit  to  achieve  a  tandem  trans- 
position at  angle  poles  where  the  angle  turned 
exceeds  5  degrees. 

11. 3^  Unit  PAl-5  -  This  unit  consists  of  two  deadend 
devices  eqxiipped  with  insulators  and  mounted 
vertically  on  the  pole.  This  unit  is  used  to 
deadend  a  single  circuit. 


) 


11-35  Salt  pii-i  '  '^•^  *^  six-pin  type  ▲  and  ten-pin 

type  ▲  crossam  units,  respectively.  They  are  used 
in  Joint  construction  where  the  circuit  requirements 
exceed  one  circuit.  It  should  be  noted  that  the 
PB3-1  can  be  xised  to  support  only  four  wires  since 
pin  positions  5  and  6  must  be  left  vacant  in  order 
to  provide  climbing  space.  Similarly,  the  PB5-1 
unit  can  be  used  up  to  eight  wires  with  pin  positions 
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5  and  6  Taoant.  Thaaa  units  ar«  spoclfied 
beoausa  they  provide  12"  pin  spacing  which  is 
necessary  in  spans  longer  than  250  feet.  These 
u&its  are  iised  in  tangent  and  angle  construc- 
tion in  conjunction  with  units  T-1,  T-2.  and 
T-6  and  T-7. 

Unit  FB5-6  -  This  is  a  deadend  crossarm  unit  and 
is  used  to  deadend  from  fovar   to  eight  wires  with 
pin  positions  5  and  6  left  vacant.  Deadend 
olevis  assembly  unit  T-5  is  used  with  this  unit. 


11.37  Ualt   FB5-8  -  Deadend  crossarm  assembly  unit 

equipped  with  back  truss  and  used  as  above  with 
pin  positions  5  and  6  vacant. 


Unl  t  PR')  "i 

Unit  PB5I3  **  Thestt  are  six-pin  type  B  and  ten-pin 
type  B  croasaxm  units,  reopectively.  They  will 
accoBBiodate  6  wires  or  10  wires  with  30"  climbing 
•pace  provided.  The  pin  spacing  is  reduced  to 
10".  These  crosaarma,  therefore,  should  not  be 
used  iriien  the  span  lengths  exceed  250  feet. 

Appropriate  unlto  should  be  specified  where  double 
crossams,  sldeams  or  other  special  construction 
unita  are  needed. 


11.4>  Xxplanation  of  Sample  Staking  Sheet 

The  ■•cticn  of  power  line  shown  in  the  sample  staking  sheet 
(Fig.  3)  assumes  that  tho  line  is  in  the  medium  loading  eu:^a; 
it  is  single  phase;  ^A   7/1  ACSR,  5^2'  ruling  span,  35  foot 
class  7  i>oles  except  angle  and  transformer  poles  which  cure 
class  6.   Secondaries  are  present  between  P.  8  and  P.  9.   It 
is  proposed  to  add  two  telephone  circuits  from  P.  1  to  P.  5 
where  one  circuit  leaves  this  route  to  serve  a  side  road. 
The  rtii«aining  circuit  continues  to  P.  10  \Aiere  it  terminates. 
The  telephone  conductor  will  be  .109"  diameter.  Grade  135 
steel.  Ground  clearance  for  the  telephone  conductors  varies 
since  part  of  the  line  is  built  along  open  fields  ^ile  the 
other  part  is  constructed  in  a  fence  line.   (See  section  602, 
TB  it  CM. )  The  Rl  transposition  syatea  will  be  used.  (See . 
section  661,  TB  &  CH. ) 

ll.Al  The  longest  span  in  this  section  of  line  is  A75  feet, 
asference  to  RD-Fig.  No.  27  indicates  that  5  fef t  of 
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Tortlcal  separation  batvieen  thd  oniltigroiaidsd 
neutral  and  the  telephone  eroasarm  will  be 
required  for  this  span  length.  This  same 
separation  vrill  be  laaintained  in  all  span  lengths 
if  it  is  possible  to  do  so  but  the  separation  viU 
be  adjusted  as  needed  to  meet  other  conditions. 
The  required  pole  strength  is  cheeked  by  reference 
to  RD-Fig.  Mo.  8,  It  is  found  that  no  poles  viU 
haye  to  be  changed  for  insiitfficient  strength. 

11. 42  This  line  starts  at  P.  61,  Route  lU,   but  no  gi^ng 
can  be  ins  tailed 'at  this  point  so  the  circuits  are 
extended  to  P.  1,  Route  17  by  outside  distributing 
wire  and  two  150  foot  HA  units  are  specified.  At 
P.  1  a  deadend  croasam  unit  NPB5-6  is  specified  and 
guying  ia  provided  by  an  NPE1-3G,  The  guy  is  grounded 
to  the  nmltigroundsd  neutral  for  electrical  protection 
(See  IS  &   CM,  section  65O. )  The  span  from  P.l  to 

P.  2  is  445  feet  over  level  ground  and  H  foot  ground 
clearance  is  required  so  5  foot  separation  is  speci- 
fied after  verifying  that  sufficient  ground  clearance 
will  be  obtained  with  this  separation.  This  is  done, 
as  follows: 

In  RD-Pig.  Mo.  58,  under  the  "Basic  Ground 
Clearance**  heading,  the  H  foot  column  is 
selected.  Going  dovm  this  column  to  the 
5  foot  oark,  the  curve  opposite  this  mark 
Is  selected  and  followed  to  the  intersection 
with  the  horizontal  line  representing  a  35 
foot  pole.  The  point  of  intersection  occuors 
at  495  feet,  indicating  that  a  level  ground 
span  of  495  feet  would  be  the  majcinum  per- 
missible. Since  the  actual  span  is  445  feet, 
5  foot  separation  is  satisfactory. 

▲t  P.  1  it  is  also  necessary  to  verify  that  the  LL4 
unite  can  be  attached  to  the  pole  at  sufficient  hei^t 
to  obtain  the  necessary  18  f6ot  road  crossing  clearance. 
Since  the  point  of  attachmant  for  these  units  need  be 
only  40  Inches  below  the  neutral,  these  units  can  be 
attached  22  feet  above  the  grbiind  which  will  meet  the 
road  crossing  requiremsnt. 

11.43  At  P.  2  an  HFB3-1  unit  with  two  NT-1  units  is  specified. 
(TSrans petition  units  are  not  installed  until  P.  3  since 
the  deadend  orossazm  provides  a  wire  spacing  of  only 

6  inches.)  The  span  length  between  P.  2  and  P.  3  is 
420  feet  with  a  1  foot  ridge  at  midspan  and  14  foot 


■m^ 
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ground  elaarance  is  required  in  this  span  so 
5  foot  sopftration  is  again  spacified. 

11.44  At  P.  3  and  P.  K  the  proper  units  arc  specified 
vith  5  foot  separation  indicated. 

11.45  At  P.  5»  one  circuit  makes  a  right  angle  turn 
i4ills  the  other  circuit  continues  on  the  same 
route.  The  circuit  which  serves  Route  21  must 
cross  the  road  vdth  18  foot  clearance.  Vfe  are 
interested  now  in  yt»   span  fron  P.  5>  Route  17. 
to  P.  \f   Route  21,  which  is  also  Joint  construc- 
tion.  This  span  is  actually  410  feet.  A  410  foot 
span  reqxilres  4  1/2  feet  of  separation  at  the  pole. 
Through  reference  to  RD->Pig.  No.  58,  it  is  deter- 
mined that  18  foot  basic  clearance  (19.6  foot 
actual  clearance)  cannot  be  obtained  in  a  410 
foot  span  at  midspan  over  level  ground.  Rule  232B 
of  the  N^C  permits  reduced  cleeurance  if  the 
crossing  does  not  occur  at  midspan.  Application 
of  this  xvln   shows  that  if  the  point  of  crossing 
occurs  within  70  feet  of  P.  5,  we  will  need  only 
18  feet  of  clearance.  This  means  that  we  should 
attach  the  unit  (NPAl-5)  which  supports  this 
circuit  4  1/2  feet  below  the  neutral  which  would 
place  It  21  feet  above  ground  on  a  35  foot  pole, 
and  thus  provide  the  necesseiry  road  clearance. 

If  the  point  of  crossing  occurred  at  a  distance 
greater  than  70  feet,  it  would  be  necessary  to 
place  a  40  foot  pole  at  this  location.  The  cross- 
am  unit  MPBl-1  which  supports  the  other  circuit 
should  be  attached  5  feet  below  the  neutral.  It 
should  be  noted  that  #14  gauge  bridle  wire  is 
specified  at  this  point.  This  is  necessary  since 
no  power  contact  protectors  have  been  installed 
on  this  circuit  between  P.  1  and  P.  5.  It  is 
assumed  that  they  will  be  installed  on  this  circuit 
soBBwhere  along  Route  21.  This  means  that  a  contact 
occurring  between  P.  1  and  P.  5  would  cause  the  pro- 
tector on  Route  21  to  operate  and  the  bridle  wire 
would  have  to  carry  the  fault  current. 

11.46  At  P.  6  an  NPBl-4  unit  is  specified  attached  4  feet 
below  the  neutral  and  at  P.  7  an  NPBl-1  unit  1« 
specified  4  feet  below  the  neutral.  The  reduction 
in  separation  is  required  to  give  the  necessary  road 
crossing  clearance.  RD-Flg.  No.  27  shows  that  these 
separations  are  not  less  than  the  minimm  required 
for  a  370  foot  span. 
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3 


11,47 


At  P.  8  it  is  MMMArj  to  inor*M«  tfat 
■•paration  to  8  1/2  f^^t  in  ordsr  to  el«ar 
tfat  Mcondarias  at  this  pola.  This  ssctioa 
of  ths  lis*  is  built  in  a  fanca  lina  so  a 
»<p4iwi  ground  olaaranca  of  8  faat  is  accapt- 
abla  in  this  span.  Bafaranca  to  RD-»Fig.  No.  58 
ahowa  that  sufficiant  ground  clearanca  can  ba 
obtainad  with  8  1/2  foot  saparation.  A  povar 
contact  protector  (NP4-1)  is  specified  at  this 
point.  This  is  approxlBataly  1/2  mile  from  th9 
start  of  the  joint  use  section  of  line.   (See 
section  820,  TE  &  CM. ) 

At  P.  9  and  P.  10  the  sane  procedure  is  carried 
out  to  aatablish  the  separation  which  must  ba 
s{>ecified  at  these  points.  The  gro\md  clearance 
it  ba  verified  in  each  span  as  above. 


3 


n.A8 


11.5  Caraful  attention  to  details  in  staking  Joint  use  lines  is 
necessary  if  full  aeonony  is  to  ba  realized  from  ^is  type 
of  construction.  It  should  be  recognized  that  this  type 
of  staking  should  not  be  undertaken  without  complete 
familiarity  with  the  provisions  of  the  NESC  relating  to 
Joint  use,  with  the  EEI  publications  on  Joint  use  (para- 
graph 2.2)  and  with  the  provisions  of  this  section  and' 
other  pertinent  sections  of  the  REA  Telephone  Engineering 
and  Construction  Manual. 
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IIAXIMDM  SEPARATION  AT   POIE 


The  folloirliig  table  indioates  the  maximum  separation 
permissible  between  power  neittral  and  telephone  oon- 
ductors,  at  the  pole»  for  the  basio  ground  clearances 
shownt 


Basic  Grovmd 
Clearance 

Maximum  Separation  at  Pole  | 

30  Foot 
Pole 

35  Foot 
Pole 

8« 

13  • 

17. 5» 

10« 

11 » 

15  .5  • 

12» 

9« 

13  .6* 

X4« 

7« 

11. 5« 

15  • 

6» 

10.5» 

18* 

3» 

7.5' 

HD  -  Fig.  No.  65 
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REFERENCE  DATA 

RD-PIGURE  NO.  ^THROUGH  RD-FIGURE  NO.  15 

MazlJDum  Spana  for  Joint  JJae  hy  Class  of  Ible 

RD-FIGURE  NO.  16 

REA  Pole  Head  Configuration 

RDJ'IGORE  NO.  17 

Diaaeters  of  Comnonly  Used  Power  Conductors 

RD-FIGURE  NO.  18  THROUGH  RD-FIGURE  NO.  53 

Vertical  Separation  Tables  for  Telephone 
Underbuild  on  REA  Electric  Poles 

RD-FIGURE  NO.  5^  THROUGH  RD-FIGURE  NO,  62 

Staking  Curves  for  Telephone  Underbuild  on 
REA  Electric  Power  Lines 

RD-FIGURE  NO.  63 

Maximum  Separation  at  Pole 
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REA  POLE-HEAD  CONFIGURATION 
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US^c^^F 


A 

SINGLE  PHASE 
TWO-WIRE 
CONSTRUCTION 


"B" 

THREE    PHASE 

FOUR-WIRE 

CONSTRUCTION 


RD-Rg.  No.  16 
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JOIMT  USE  REFERBICE  DATA 
FOR  CCaOJOHLY  USED  POWER  CONDUCTORS 


PowT  Conductor 

1/0-6/1  ACSR 

1/0-7  St»d.  Cu. 

2-7/1  ACSR 

2-8  St'd.  Cu. 

2-6A  iCSR 

4-7/i  ACSR 

2  -  Hd«  Cu« 

4-6/1  ACSR 

6A-Cwc* 

4  -  Rd-.  Cu. 

SA-Cwc. 

6  -  Ed.  Cu. 


Dlamotor  (in) 

.398 
•368 
.325 
•320 
.816 
.257 
.257 
•250 
.230 
.204 
.199 
.162 


> 


Notes I 

Th«  aboTo  listed  power  oonduotors  are  those 
commonly  used  in  REA  type  oonstruotion.  The 
joint  use  pole  strength  tables  were  calculated 
for  five  different  conductor  diameters  eind  the 
engineer  should  select  the  table  based  on  diam- 
eter nearest  to,  but  not  less  than,  diameter  of 
the  power  conductor  being  considered. 
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VE 

ITICAL  SEMRATIOM  TABLES  FOR  TELEFNOME  UNOERWILO 
ON  REA  aECTRIC  POLE  LINES 

LOAOIBC   Bl STRICT 

Heavy 

POVH    CONOUCTOM. 

No.  L  7/1  ACSR 

TCLtPMONC    eONOUCTOB 

.102  EHS  305^  Copperweld 

Vk*B     ••< 

•Bparatl 

wadBdaa  ar*  pr*aBBt  or  ploaaBd.  ae*  coIbbb  "SBeeadary  "■      All 
•aa  ahoaa  ar*  b«tB««B  aaatral  oad   t«l«piioBB  eoDdaetora. 

NIHINVN    SEPARATION    AT   POLE    lETWECN    POWER    NEWTRAL    AID    TCLEPliavE    caBDucTA.ii    /v^^i\ 

1 

5PAN 
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^^QIRULING    SPAN 
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rr. 
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LOWER   POWeR  CONO. 

LOtlCR   POWER  COND. 

LOWER   POWER   CONO. 

LOWER  POWER  CONO. 
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1A.0» 

400 

II 

10.0' 

It 

11.0' 

9.0' 

12.0' 

10.5' 

It 

It 

1A.5' 

410 

7.0' 

10.5' 

II 

11 

It 

12.5' 

11.0' 

lA.O' 

11.5' 

15.0' 

1 

420 

II 

It 

8.0' 

11.  s» 

9.5' 

13.0' 

11.5' 

15.0' 

12-nt 

16-Ot 

430 

It 

11.0» 

8-S' 

12-0' 

10. 0» 

13.5' 

It 

T5-«;t 

i:>-';i 

lA,«;i 

440 

7.5» 

11.5' 

II 

12.5' 

It 

U.O' 

12.0' 

16.0« 

13-0' 

17-0» 

450 

It 

It 

9.0' 

13.0» 

10.5' 

LL.5' 

12.5' 

16.5' 

13.5' 

17.5' 

460 

8.0' 

12.0» 

It 

13.5' 

11.0' 

15.0' 

13.0' 

17.0' 

lA.O' 

18,5' 

470 

It 

12. 5« 

9.V 

It 

It 

15.5' 

13.5' 

18.0' 

1Z..5' 

19.0' 

480 

8.5» 

13.0' 

It 

1/..0' 

11.5' 

16.0' 

lA.O' 

18.5' 

15.0' 

19.5' 

490 

It 

It 

10.0' 

li..5' 

12.0' 

16.5' 

1L.5' 

;L9.0' 

15.5' 

20- 5 « 

500 

9.0* 

i-^.*;* 

10.5V 

IS.O' 

13.0' 

17.0' 

15-0«    . 

lQ-5' 

16.5' 

?1.0' 

510 

9.5' 

1/..0' 

11.0« 

15.5' 

13.5' 

17. V 

16.0'". 

20.5' 

17.0« 

21.5' 

520 

530 

540 

550 

560 

570 

580 

590 

600 

■OTCS: 

1.  40-i 
coat 
quit 

2.  30- 
■  •c< 

3.  Lin4 

4.  Ail 

P0l4 

£••1 

Tha    da  to    a  hoan     i 
Lncb    ainiauB    aapar 
luctor.     (Thoaa    tab 
roBonta    shan    povBr 
incb    ainABUB    aidap 
>ndariaa. 

t    of    aiqht    ruio    «h 
aaparationa    oro    fa 
t    top    and    phoBB    si 
.    bslov    oBut ral . 

n     this     tabl*    rafi 

at  ion    at     pola    bat 

laa    do    not     includ 

aquipBBnt     i«    bou 

tan    aaporation    bat 

an    aacondariaa    up 
oaad    on    REA    pola 
raa    occupying    a    p 

act     the 
waan    nau 
a    any    co 
n  tad    on 
vaan    big 

to    750 
hBod    con 
oal t ion 

f olloving 
tral    or    a 
naidarat i 
pola    balo 
haat     tala 

▼olta    ara 
f  igura  t  ioi 
at     top    of 

baaic    ainiauB    r equ i raaan t a : 
•condary    and    highaat     talaphone 
on    of    ainiauB.    aaparation     ra- 
■    tha    naut ral ) . 
phona    conductor    and    aoutral    or 

inTolvad . 
aa    aith    nautral    3^    faat    balo* 
pola    and    lowaat    aacondary    3 

# 

VERTICAL  SEPARATION  TABLES  FOR  TELEPHONE  UNDERBUILD 
ON  REA  ELECTRIC  POLE  LINES 


^•a   ••eoadatlaa  ar«  pr*a*Bt  or  plaaaad.  ua«  ceiuaa  "Svcoodar^".      All 
>p«rotlo»»   ahowB  or*  b«t»«««   noutral  oa^   flophoao  coaductof 


SPAN 
LENGTH 
FT. 


200 


210 


220 


250 


240 


250 


260 


270 


280 


290 


300 


310 


320 


330 


340 


350 


360 


370 


380 


390 


400 


410 


420 


450 


440 


450 


460 


470 


480 


490 


500 


510 


520 


530 


540 


550 


560 


570 


!580 


590 


600 


LOAOIN*  OtSTMICT 


Heavy 


POWM    CONOUCTOM 


No.  U  7/1  ACSR 


TELCPNONC  CONBUCTOR 


.109  Grade  190  Steel 


WIMtWUW    SEPAWATIOII    AT    POLE    IETWC£>    POWER    WCUTRAL    AMD    TELEPHOIIE    COWOUCTORS    (Feet) 


326'»U'-ING    SPAN      35QtRULING     SPAN        3Q7  WUL  I NG    SPAN      ^.^QtWULING    SPAN        5Q0mULING    SPAN 


LOWER    POWER   CONO. 


NCUTRAL 


LmQI 


i^lL 


SJll 


A^ 


SCCOnOARY 


7.0' 


u: 


-.   w  ffi  L 


S.S1 ^LSl 


3.^ 


LOWER    POWER   CONO. 


NCUTNAL 


Jt^ 


lu31 


IsOl 


A^ 


AmQI 


uil 


^.JJ 2^ 


2^ 


SCCONDANV 


l^QL 


jL^ 


S^0» 


A^ 


JLQl 


LOWER   POWER   CONO. 


NCUTWAl. 


Ail! 


.IsQl 


i^il 


AjSII 


A^ 


^ 


ct 


.1.01 


7    <=■' 


7.0^ 


JZ^ 


A^ 


Aj^ 


a^Qi 


s^ 


Lvj  *   J 


Kt 


1Q,CI 


JLA 


JLQ^ 


JLL^ 


JLic 


i;t 


JL2^! 


J^^J 


JLl^ 


J3l^ 


.1Q.Q»L14>0I- 


21^01 


-rU5 


^1 


.1U5l 


..I5*il! 


JL^i 


JL6^ai 


.  3,Q' 


ICC 


IQ.'S 


U.Q' 


_i^ 


«;i 


.2^ 


_i^ 


10.0' 


10^ 


10.5 


JLL.Q.' 


12.0' 


12.5' 


■13. Q.' 


U.Q' 


.ILti 


CI 


2ZmQL 


22^51. 


1%C' 


13.?' 


U.O' 


JjUI 


15,0' 


JL5^ 


SCCONOARV 


2j^ 


8.0' 


8 


CI 


q   o« 

f    e.  Sjt 


Q      C 
1  »^ 


CI 


IQ.C 


LOWER   POWER   CONO. 


A*l! 


^■iO! 


-5^ 


6.0' 


JZ^ 


7    '^^ 
it,/ 


lQ-5' 


.1^ 


..aAuii 


.1^ 


.1*1. 


10. c 


10,  ^ 


u.c 


n.5 


12.0' 


JLZ*^ 


13.0' 


16.0' 


16.5' 


17.0' 


JLZ 


CI 


ll-v 


JLL^ 


.11*5J 


12.0' 


J£xl 


13.Q' 


XL^ 


14.0' 


li^.5' 


15.0' 


1?.5' 


16.0' 


16.5 


17.0' 


.lUII 


IZ1.5' 


17.5' 


_£^ 


.^^ 


9.0' 


SCCONOAKV 


8.0' 


Jx 


CI 


.2x01 


.i*l 


10. 0' 


OOul 


JLUl^ 


11.5 


LOWER   POWER   COND. 


NCUT.AL 


5.0' 


1^ 


6.0' 


ixi; 


JZ^ 


JLl 


CI 


8.0' 


e.5'.. 


_2*5i 


10.0* 


10.5' 


JJ^ 


OJLi: 


L2.0' 


12-5 


.13.0' 


J2l^ 


14.0' 


14.5 


15.0' 


-Ha 


CI 


16.5' 


17.0' 


-IZ^ 


CI 


12.0' 


1?,5 


13.0' 


13.5 


14.0' 


JJti.5. 


15.0' 


15.5' 


16.0' 


16,5' 


17.0' 


17.5 


.2^ 


.iai 


CI 


IQ.Q' 


SCCONOAMV 


8.0' 


.3^ 


9.0 


ni 


lAL 


10.0' 


liLui 


CI 


11.0' 


11^ 


12^ 


la^ 


ULJ 


CI 


XLS^ 


11.5' 


1^.0' 


12.5' 


13.0' 


13.5' 


14^ 


1^.5' 


15.0' 


lA^ 


16.0' 


16.5' 


17.0' 


17.5? 


13.0' 
13.5' 


lilu^ 


14.5' 


15.0' 


15.5' 


16^ 


16^ 


17.0' 


11a 


CI 


HOTES:   Th«  dota  ahown  in  thi*  tabla  roflaet  tha  folloainq  baaic  ■iniaua  r 
I.  40-ioch  aJlniaua  ••paration  ai  pel*  bataaan  nautral  or  aacoDdary  and  big 
eendaetor.  (Thv.a  tablaa  do  not  includa  any  cons idarat ion  of  aininuB  a* 
quirananta  ahcn  poaar  aquipaant  it    aountad  on  poia  baioa  tba  nautral). 
1 .     30-inch  ainiaua  aid. pan  aaparation  batwaan  hiqbaat  talapbon«  conductor 
aacottdor  iaa 


Lina  of  sight  ruia  «han  aacondarias  up  to  7S0  rolta  ara  invoivad. 
All  aapararlona  ara  baaod  en  HEA  pela  baad  con f iqur a t iena  aith  nautral 
pela  top  and  phoaa  airas  occupying  a  poaition  at  top  of  pola  and  leaaat 
faat  b*l<>«  aautral. 


•  qu  i  raaan  t  a : 
kaat  talaphona 
paration  ra- 

and  nautral  or 


3^  faat  balo< 
•ocondary  3 


RTVFIg.  Nn.  VL 


m-i^ 


:-^^<? 


VERTICAL  SEPARATION  TABLES  FOR  TELEPMOHE  IMC 
nil  atk  Firrnir  pai  r  i  imc<i 

>ERBUILO 

LOAOIHS   OlSmiCT 

Heavy 

^OWeH    CONOUCTOH 

No.  6a  Copperweld 

TCLCPHONC    COHOUCTOR 

iM   ••ce«4ati«aar*pr«a*«t  or  plaaM«4.  «••  coliMB  "SvoMukirT".      Ail 
jporatloaa  ahova  ar*  b«tv*«a  aaitlral  aad   talapkesa  eeadaetera. 

.102  EHS  305S  Copperweld 

MINIMUM    SCPARATIOB    AT   POLE    •ETUEEN    POWER    NEUTRAL    AND    TELEPHONE    COIDUCTOIS   (V^^*\ 

SPAN 
LCNCTH 
fJ. 

35U    RULING    SPAN 

375«RULIN6    SPAN 

^6'    "ULING    SPAN 

^,50l''ULING    SPAN 

RULING    SPAN 

LOWER   POWER  CONO. 

LOWER   POWER   CONO. 

LOWER   POWER  CONO. 

LOWER   POWER    CONO 

LOWER   POWER   CONO. 

NtUTIIAL 

SCCONOAIIV 

NtUTD*!. 

SCCONOMV 

NCUTML 

SICONOAMV 

NfuriiAi. 

SCCONOAHV 

NEUTRAL 

SCCONOAIIV 

200 

3.5' 

6.5» 

3.5» 

6.5' 

/..0» 

7.0' 

2..0' 

7.0' 

210 

II 

It 

L.O^ 

7.0' 

It 

II 

4.5' 

7.5' 

220 

II 

II 

II 

II 

II 

It 

II 

11 

230 

II 

II 

II 

It 

/i.5» 

7.5» 

II 

It 

240 

II 

II 

II 

II 

II 

It 

II 

II 

250 

^•o» 

7.0* 

It 

II 

It 

II 

5.0* 

8.0' 

260 

II 

It 

II 

It 

It 

It 

It 

II 

270 

II 

It 

11 

II 

•i.Ot 

8.0' 

It 

It 

280 

It 

II 

/..^» 

7.5' 

It 

II 

5.5» 

8.5' 

290 

It 

It 

II 

It 

It 

II 

It 

II 

300 

II 

It 

II 

It 

•i.^t 

S.S' 

6.0' 

9.0' 

510 

A.«;« 

7.51 

It 

It 

It 

It 

II 

II 

320 

II 

II 

•i.Ot 

ft.O« 

II 

11 

6.5« 

9.5' 

330 

II 

It 

II 

ig 

6.0* 

q.o' 

II 

II 

340 

II 

It 

II 

It 

II 

II 

II 

It 

350 

II 

It 

II 

It 

It 

II 

7.0' 

10.0' 

360 

«5.0t 

d.0» 

S.5» 

g.St 

6.'5» 

9.5» 

II 

II 

370 

It 

It 

II 

It 

It 

II 

7.5' 

10.5' 

360 

It 

It 

It 

It 

7.0' 

10.0» 

It 

U.O' 

390 

It 

S.S' 

6.0» 

9.0t 

11 

10.S» 

8.0' 

It 

400 

5.5» 

II 

II 

9.5» 

7.5» 

11.0' 

8.5' 

11.5' 

410 

It 

9.0» 

II 

It 

It 

It 

II 

12.0' 

420 

It 

It 

6.5» 

10.0' 

8.0' 

11.5' 

9.0' 

12.5' 

430 

It 

q.s« 

II 

10.  s« 

II 

12.0' 

II 

1?.0t 

440 

6.0» 

10.0» 

It 

II 

8.5« 

T2.';t 

9-'5« 

l^.l' 

450 

II 

n.o' 

7.0' 

ll.p» 

9.0' 

13.0' 

It 

1/..0' 

460 

It 

11.5» 

II 

II 

10.0' 

1Z..5' 

470 

7.5' 

It 

It 

13.5' 

10.5' 

IS.O' 

480 

It 

12-0» 

Q-*;' 

1A-0» 

II 

T5.5t 

490 

10.0' 

H.'^i 

n.ot 

16.0' 

500 

in.«;« 

iq.m 

n-«;« 

1A    qt 

510 

11.0' 

15.5' 

12.0' 

17.0* 

520 

11.5' 

16.0' 

13.0' 

17.5' 

530 

540 

550 

. 

560 

570 

580 

590 

600 

NOTES:   Th«  data  ahovn  in  this  tabl*  r«fi*ct  tha  following  basic  niniaun  raqui ranan ta : 

1.  40-inch  ainiauB  saparatioa  at  pola  batvaaa  nautral  or  sacendorr  and  highaat  talaphona 
conductor.  (Than*  tabloa  do  net  iaeluda  any  connidaration  of  niniaua  aaparotion  ra- 
quiraaanta  «han  po**r  aquipaaat  i«  aountad  on  pola  baloa  tha  nautral). 

2.  30-inch  ainiaua  aidspan  saparation  batvaan  highaat  talaphona  conductor  and  nautral  or 
••condariaa. 

3.  Lina  of  aiqht  rula  ahan  aacondariaa  up  to  7S0  Tolta  ara  involTod. 

4.  All  aaparations  ara  based  on  REA  pole  head  configurations  wi  th  neutral^  3${~raat  l>alo« 
pole  top  and  phase  vires  occupying  a  position  at  top  of  pole  and  lowest  secondary  3 
fewt  below  neutral.  ._ 

. : RT)-F1g.  No,  2Q 


♦ 


) 


VERTICAL  SEfARATION  TABLES  FOR  TELEPHONE  UNI 

)ERBUILO 

LO*OIN«   OltTmCT 

Heavy 

rovca  coNoucraa 

No.   6A  Copperweld 

vm    itEJt    cktviHiv   rvLc   kincd 

TtLIPNONC    CONOUCTOa 

>•■   ■•ceadari«>  ar«  pr*a*at  or  ploaawd.  «••  o*lwaa  "Saceadory ".      All 
^•paratieaa  ak*««  or*  b«t««aa  aautral  and   talaphoaa  coaduetora. 

.109  Grade  190  Steel 

NININMM    SEPARATION    AT    POLE    NETWCEN    POWER    REUTRAL    AND    TELEPHONE    CONDUCTORS    (Feet) 

SPAN 
LENGTH 
fT. 

35ili»RULIN6    SPAN 

375  »  RULING    SPAN 

/4l6*'*U'-INC    SPAN 

450'   "UL ING    SPAN 

RULING    SPAN 

LOWER    POWER   COMO. 

LOWER    POWER   CONO. 

LOWER   POWER  CONO. 

LOWER    POWER    CONO. 

LOWER   POWER   CONO. 

NCUTMAL 

scconOAKT 

NCUTMAL 

SICONO««V 

MIUTMAL 

SKCONOARY 

NCUTRAI. 

SCCONOAKV 

NEUTMAL 

SeCONOAMT 

200 

3.5' 

6.S' 

Z..0' 

7.0' 

Z..0' 

7.0' 

4.51 

7.51 

210 

It 

II 

II 

II 

II 

11 

II 

11 

220 

II 

ti 

II 

II 

L.5' 

7.S' 

•1 

II 

230 

2..0' 

7.0» 

n 

It 

•1 

11 

11 

II 

240 

II 

ti 

It 

II 

It 

It 

S.Oi 

3.01 

250 

II 

II 

A.?» 

7.S» 

5.0' 

ft.Oi 

II 

II 

260 

11 

II 

It 

II 

II 

11 

S.Si 

8. SI 

270 

II 

II 

II 

II 

II 

II 

II 

It 

280 

4-'5' 

7.'5» 

It 

It 

S.5' 

3.S' 

II 

It 

290 

n 

II 

^.Ot 

a.ot 

It 

II 

6.01 

9.01 

300 

It 

II 

II 

II 

II 

It 

It 

It 

310 

II 

II 

It 

It 

6.0' 

9.01 

6. SI 

9. SI 

320 

^.0' 

d.o» 

II 

II 

It 

II 

II 

It 

.    330 

II 

II 

'5.^1 

a.«5i 

6.S» 

9.S» 

7.01 

10.01 

340 

-     II 

II 

II 

It 

It 

It 

II 

It 

350 

II 

II 

6.0t 

It 

7.0« 

10.01 

7. SI 

10. SI 

360 

'j.^t 

8.^t 

II 

Q.Qi 

It 

It 

It 

It 

370 

II 

II 

It 

It 

7. SI 

It 

ft.O' 

11-01 

380 

II 

If 

II 

It 

It 

10.  S' 

8.S' 

11.  SI 

390 

6.0« 

9.0' 

6.';» 

<?.?» 

d.oi 

11.01 

It 

II 

400 

II 

It 

It 

It 

It 

II 

9.01 

12.01 

410 

II 

II 

7.0« 

10.0' 

S.Si 

11. SI 

It 

II 

420 

II 

II 

It 

It 

II 

II 

9.51 

12.51 

430 

6.S« 

9.5» 

It 

10. s» 

9.01 

12.0' 

10.01 

13.01 

440 

II 

II 

7.5' 

II 

It 

12.5' 

II 

13.51 

4,50 

It 

10.0' 

11 

11.0  • 

q.s' 

13.0' 

10.5' 

lA-0' 

460 

ft-0» 

11. SI 

II 

II 

n.oi 

l/^.S' 

470 

It 

It 

10. ni 

13-S' 

II 

is.ni 

480 

«-«;• 

12-0! 

10. s« 

1^.0' 

n.s' 

IS.S' 

490 

II 

14. SI 

12-01 

lA.Oi 

500 

11.01 

IS.O' 

12. S' 

16-Si 

510 

II 

1S.S» 

11 

17.0' 

520 

It 

II 

13.0' 

17. SI 

530 

340 

550 

560 

.570 

580 

590 

600 

NOTES: 

1. 

40.i 

eend 

quir 

2. 

30-i 

aaco 

3. 

Lina 

4. 

All 

pela 

faat 

Tha  data  ahoan  la  thia  tabla  raflact  tha  follovlng  baaic  MiniauM  raquiraaan t a : 
nch  ainiaua  saparatien  at  pola  bataaaa  aautral  or  aaeoadary  and  hiqhaat  talaphoaa 
uctor.  (Thaaa  tabl^a  dp  net  iacluda  aay  conaidara tion  of  ainiaua  aaparation  ra- 
aaaata  whan  povar  aquipaant  i»  aountad  on  pola  baloa  tha  nautroi). 

nch  ainiaua  aidapon  aaparation  batwaaa  highaat  taiaphona  conductor  and  aautral  or 
ndar iaa . 

of  aight  rula  ahaa  aacondarlaa  up  to  7S0  volta  ara  involTod. 
aaparationa  ara  baaad  on  REA  pola  haad  con  f  iqurajt  iona  with  nautral  3H    faat  baloa 

top  and  phaaa  viraa  occupyinq  a  poaition  at  top  of  p«la  and  loaaat  aacondary  3 

balo*  nautral. 

RD-Fig.  Nq,  21 


::S\>. 


•.•-■■■■■  ■■.-■^' 


VEITICAL  SEPARATION  TABLES  FOR  TaEPHONE  UNDERBUILD 
AM   ack    ri  c/>T»i^  DAI  e  i  lue* 

L0A9IN* 

»ISTtlCT 

^0«C*    COMOUCTOR 

No.  6  HD  Copper 

wn     wtt,m     bkkviniv     rwkb    hinb« 

Heavy 

TCLCPNONC    CONDUCTOR 

Vk««   ■•ceBdarlaa  ar*  pr«s«Bt  or  piaaB*d.  •••  eoinaa  "S«^ndary".      All 
••paratle«s   •hevn  arc  b«t«*«B  oaytral   amd    talsphoB*  eeadnetera. 

.109  Grade  190  Steel 

NIHINUM    SEfAtATIOH    AT    POLE    BETVEEI    POWER    NEUTRAL    AND    TELEPHONE    CONDUCTORS    ( Ff^t^.fA 

SPAN 
LENGTH 
FT 

175'    RUL ING    SPAN 

223 '"UL ING     SPAN 

27iil    RULING    SPAN 

325I')ULING    SPAN 

RULING    SPAN 

LOWER    POWER   COMD. 

LOVER    POWER   CONO. 

LOWER    POWER   CONO. 

LOWER    POWER    CONO. 

LOWER   POWER   CONO. 

NCUTRAL 

SICONOAIIY 

NCUTMAL 

SCCONOMir 

NCUTIIAL 

t(C0N0«ar 

MCUTMAL 

SCCONOAIiy 

NEUTRAL 

SECONDARY 

200 

5.5» 

8.5' 

6.5' 

9.5» 

7.0» 

10.5' 

7.5« 

10.5' 

210 

II 

It 

7.0' 

10.0» 

7.5« 

11.5' 

8.0' 

11.0' 

220 

6-Ot 

Q.Ot 

7.5' 

10.5t 

8-01 

n-o« 

8-5» 

11.5' 

230 

6.'5t 

<5.5' 

8.0* 

11.0' 

8.5' 

11.5' 

9.0' 

12.0' 

240 

II 

II 

8.5' 

11.5' 

9.0' 

12 .0' 

10.0' 

13.0' 

250 

7-0« 

in.ot 

q.0» 

12.0t 

lO-Ot 

13-Ot 

10-5» 

13-'?' 

260 

?.«;« 

10. 5» 

c?-5» 

12. 5» 

10.5' 

13.5' 

11.0' 

lA-0' 

270 

ti 

It 

10.0' 

13.0' 

11.0' 

1/..0' 

11.5' 

1Z..5' 

280 

8.0' 

11.0' 

10.5' 

13.5' 

11.5' 

1Z..5' 

12.0' 

15.0' 

290 

8.S' 

11. 5t 

11-0' 

lA.O' 

12. 0« 

15.0' 

12.5' 

16.0' 

300 

9.0' 

12.0' 

11.5' 

1Z..5' 

13.0' 

16.0' 

13.0' 

16.5' 

310 

11 

II 

12. 0» 

15  .0« 

13.5' 

16. 5« 

320 

q.*?' 

i2-«;« 

12. 5» 

15.5' 

33C 

10.0' 

13.0' 

340 

10.5' 

13.5' 

350 

11.0' 

1^.0' 

360 

11.5' 

1/..5' 

370 

12.0' 

15. 0« 

330 

12.5' 

15.5' 

390 

13.0' 

16.0' 

400 

410 

420 

430 

440 

4  50 

460 

470 

480 

490 

500 

510 

520 

530 

540 

550 

560 

570 

580 

590 

600 

NOTES:   Th«  da 

1.  4C-inch  bid 
conduc  t or  . 
qu  i  r*  aRn  t  s 

2.  30-iDch  sin 
SRConda  r  i •• 

3.  Lin*  of  Rig 

4 .  All  R«pa  rat 
pel*  top  to 
f •• t  balov 


t  a  R  hvvD 
i  BUR  R  Rpa 

(ThRRR  to 
•  h  R  C  PORR 
IDUII      Did* 

h  t  r  'J  1  R  w 
io  DR  a  r  R 
d  phoRR  w 
DRU  t  r  a  1 . 


in  thiR  tablR  rcflvct  thR  foilowinq  boRic  ainiBua  rRqu i rRBRn t r  : 
rotion  at  polR  bRtwRRii  sRutral  or  RRcondary  and  bi9hRRt  tRlRphon* 
blRR  do  not  includR  any  conRidRta t ion  of  ainiauB  a*paration  ra- 
r  RquipsRnt  i«  aountad  on  pola  balow  thR  nRutral). 
pan  RRporation  bRtvaan  hiqb*at  talRpbonR  conductor  and  nRutral  or 

hRn  RRCoodariRR  up  to  7S0  voltR  arR  involTRd. 

boRod  on  REA  polo  baad  con  f  iqura  t  iona  Ritb  noutrol  3J4  faat  bRlow 

ireR  occupyinq  a  poRition  at  top  of  polo  and  lovaat  RRCondary  3 


pn-F.-g,  fir,,  22 
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I 
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VERTICAL  SEPARATION  TABLES  FOR  TaEPHONE  URDER BUILD 

AM    Be*    rt  e<>TBi^   bai  c   ■  iitca 

LO*OIN«   OIITRICT 

Heavy 

poaca  cONDucToa 

No,   8A   Copperveld 

V-    -„    ...v.-.v    rv..    w.-.. 

TILC^NONC    CONOUCTOa 

WW««  ••«e«4arl*aar«  prasMit  or  plaaB*4.  •■•  ceiaHi  "Saoeadary".      All 
Mp«r«ti«««  ah***  or*  b«t«««*  aatitral  oad  talapbea*  cendvctora. 

.102  EHS  30^  Copperweld 

NIIINUM    SCPARATIOI    AT    FOLt    ICTWCCN    POWER    NEUTRAL    AND    TELEPHONE    CONDUCTORS   (Ff^tifA 

SFAN 
LENGTH 
FT, 

14^ 'RULING    SPAN 

•^7S"'U«-"*6    SPAN 

400"*"'-"*S    SPAN 

45O'  RULING    SPAN 

RULING    SPAN 

LOWfR   POWER   COMO. 

LOIVER   POWER   CONO. 

LOWER   POWER  CONO. 

LOWER    POWER    CONO. 

LOWER   POWER   CONO. 

NCuraAi. 

SCCONOAIV 

NtUTRAL 

sccoNO*«y 

HCUTKAL 

sccoNOAar 

NCUTMAL 

SECONOAMY 

NCUTMAL 

SCCONOAMY 

200 

q.*;! 

A.«;t 

4-0» 

7.0' 

4.0' 

7.0» 

i..5« 

7.5' 

210 

n 

II 

It 

It 

It 

" 

II 

It 

220 

It 

II 

It 

It 

i..5» 

7.5' 

5.0' 

8-0' 

230 

II 

II 

II 

II 

11 

II 

It 

II 

240 

L.O* 

7.0» 

i..5' 

7.5« 

It 

II 

II 

It 

250 

II 

It 

It 

It 

5.0« 

8.0» 

5.5' 

8.5» 

260 

n 

It 

It 

n 

It 

1' 

II 

11 

270 

II 

It 

It 

It 

It 

It 

6.0' 

9.0' 

280 

It 

It 

6.0' 

a.o« 

5.5« 

8.5' 

II 

II 

290 

At*>' 

7-5' 

It 

It 

II 

II 

6.5' 

9.5' 

300 

It 

It 

It 

II 

6.0' 

9.0' 

It 

It 

310 

It 

It 

«»-5» 

8.5» 

II 

II 

7.0' 

10.0' 

320 

II 

II 

II 

It 

It 

II 

n 

11 

330 

6.0* 

ft-0» 

6.0» 

9.0' 

6.5t 

9.5' 

7.5' 

10.5' 

340 

II 

It 

It 

II 

II 

II 

It 

II 

350 

It 

It 

It 

It 

7.0* 

10.0' 

8.0' 

11.0' 

360 

It 

II 

6.«5t 

<?.«;» 

II 

II 

It 

It 

370 

<;-«?! 

ft. "it 

II 

It 

7.5' 

10.5' 

8.5' 

11.5' 

380 

It 

It 

It 

It 

II 

II 

9.0» 

12.0' 

390 

It 

q.n» 

7.0« 

10.0  • 

8.0' 

11.0' 

9.5' 

12.5' 

400 

It 

It 

II 

10.6' 

II 

11.5' 

It 

13.0' 

410 

6.0» 

9.5' 

7.5» 

It 

8.5' 

II 

10.0' 

13.5' 

420 

It 

n 

II 

11.0' 

II 

12.0' 

II 

lA.O' 

430 

It 

10.0' 

8.0' 

n.s' 

9.0' 

12.5' 

10.5' 

U.5' 

440 

6.«>» 

•10.*5« 

It 

12.0' 

9.5' 

13.0' 

11.0' 

15.0' 

450 

It 

It 

8.5» 

12.5' 

It 

13.5' 

11.5' 

15.5' 

460 

II 

11.0» 

It 

13.0' 

10.0' 

IL.O' 

12.0' 

16.0» 

470 

7-0» 

It 

9.0» 

II 

II 

1A.5' 

II 

16. 5» 

480 

II 

11. "^t 

II 

n.s' 

10.5' 

15.0' 

12.5' 

17.0' 

490 

7.5» 

12.0» 

9.S» 

lA.O' 

11.0» 

It 

l-^.O' 

17.5' 

500 

8.0» 

It 

10.0« 

liL.5»- 

11.5» 

16.0' 

1A.0« 

18.0' 

510 

It 

12.5' 

10.5 » 

15.0' 

12.0» 

16.5' 

li..5' 

19.0* 

520 

530 

540 

550 

560 

570 

580 

590 

600 

?■:•>:>■:•:•: 


iniaua  r aqu i r aaan t a : 
and  highaat  talaphona 


NOTES:   Tba  data  ahoan  in  thia  tabla  raflaet  tha  following  baaie  ■ 
1.  40-lnch  aiDiaua  aaparation  ot  pola  bataaan  sautral  or  aacondary 

coadnctor.  (Thaaa  tablaa  do  net  Includa  any  eonaldaration  of  Biniaua  aaparation  ra- 
■  ■  -  -"  ^ola  baloa  tha  nautral). 

and  nautral  or 


coadnctor.  (Thca*  tablaa  do  net  includa  any  eonaidaration  01  Bininun  a 
qniraaanta  vhaa  poaar  aquipnaat  la  aouatad  on  pola  baloa  tha  nautral). 

2.  30>iBch  ainiaua  aidapan  aaparation  bataaan  highaat  talaphona  conductor 
■•coadarlaa. 

3.  Lisa  of  aigkt  rula  ahan  aacoadarlaa  up  to  7S0  volto  era  involvad 

4.  All  aaparationa  ara  baaad  on  RCA  pola  haad  configurations  ait' 
pel*  top  and  phasa  airas  occupying  a  pesitiea  at  top  of  pola 
faat  baloa  nautral. 


h  nautral  2%    faat  baloa 
d  loaaat  aacondary  3 


^rUFig.    Mn.  23 


VE 

RTICAL  SEPARATION  TABLES  FOR  TELEPHONE  UNOERSUILO 
ON  REA  ELECTRIC  POLE  LINES 

LOAOINS   OlSTaiCT 

Heavy 

FOMR    CONDUCTOII 

No.  8A  Copperweld 

TCLCPNONC    CONOUCTOR 

wk«a    ••e 
••parati 

eadatlas  or*  praacat  or  plaaa*4.  «•< 
e««   akev*  arc  b«t«*««   Bawtral   oad 

> eelaaa  "SccoBdary".      All 
t*l*phea«  eead«ctera. 

.109  Grade  190  Steel 

NININUN    SCPARATlOa 

AT   POLC    RETVCEN    POWER    NEUTRAL    AiD    TCLCPNOIC    COaDuCTOIS  fP««f.l 

SPAM 
LEP46TM 

3/t5»RULING    SPAN 

375tRULINC    SPAN 

j!l.00'    RULING    SPAN 

/^50"»UL  ING    SPAN 

RULING    SPAN 

FT. 

LO*tR    PO«R    COMO. 

LOVtn   POWER   CONO. 

LOWER    POWER   CONO. 

LOWER    POWER    CONO. 

LOWER  POWER  CONO. 

NCUTMAl 

•  CCONBAIIV 

NCUTMAL 

SCCONOAav 

NCUTMAI. 

tCCONOAHV 

NCUTHAL 

ttCONOAKV 

NCUTMAL 

SCCONOARr 

200 

-^.st 

6.5' 

^.Ot 

7.0' 

L.Ot 

7.0' 

/..5' 

7.5« 

210 

II 

II 

II 

II 

i..5' 

7.5« 

5.0« 

8.0' 

220 

i*.0» 

7.0' 

II 

II 

It 

It 

II 

It 

250 

tl 

II 

A. 5' 

7.5' 

5.0' 

II 

It 

It 

240 

II 

II 

II 

II 

II 

8.0' 

5.5' 

8.5' 

250 

II 

II 

II 

II 

II 

II 

II 

It 

260 

II 

7.5' 

5.0» 

ft.Ot 

5.5' 

8.5' 

6.0' 

Q.0» 

270 

Ar'^' 

11 

II 

II 

It 

II 

It 

It 

280 

II 

II 

II 

II 

II 

It 

6.';» 

Q.*?! 

290 

II 

II 

'^.'Jt 

8-';' 

6.0' 

g.o» 

It 

It 

300 

II 

ft.Ot 

II 

II 

II 

It 

7.0' 

10.0' 

310 

'5.0« 

II 

11 

II 

6.';' 

q.«;t 

It 

It 

320 

II 

II 

6.0' 

Q.O' 

It 

II 

7.5' 

10.*;' 

330 

II 

II 

11 

It 

7.0' 

10.0' 

8.0' 

11.0' 

340 

•J.^l 

8.5' 

6.5« 

<).5' 

tl 

II 

II 

It 

350 

II 

If 

II 

II 

7.5' 

10. 5» 

8.5' 

11.5' 

360 

II 

It 

7.01 

10.0' 

II 

II 

q.0» 

i2.ni 

370 

^.n» 

Q.0« 

II 

II 

8.0' 

n.ot 

Q.*;' 

12.«;' 

380 

II 

II 

7.51 

10.5' 

II 

It 

It 

It 

390 

It 

II 

II 

II 

8.51 

n.*;! 

in.n» 

i?.n' 

400 

6.S» 

9.5« 

8.0« 

11.0' 

It 

II 

II 

It 

410 

II 

II 

II 

II 

9.0' 

12.0t 

10.51 

13.5' 

420 

II 

11 

8.5' 

11.5' 

II 

II 

11.0' 

12..0' 

450 

7.0« 

10.0' 

II 

It 

9.5' 

12.5' 

tl 

1Z..5' 

440 

It 

II 

9.0' 

12.0' 

10.0' 

13.0' 

11.5' 

15.0' 

450 

7.5' 

10.5' 

II 

12.5' 

10.5' 

13.5' 

12.0' 

15.5' 

460 

II 

11.0' 

9.5' 

13.0' 

II 

1/x.O 

]2.5' 

16.0' 

470 

(1 

II 

tl 

II 

iT.n' 

1Z.-S' 

i?.n' 

16.^5' 

480 

ft.n« 

n,'5» 

in.cii 

i^.t;' 

n  ,«;' 

T^.n» 

i?,*?' 

17-0' 

490 

II 

12.0' 

10.5' 

14. 0' 

II 

1*5. 'i' 

H.o« 

77.*;' 

500 

«-«;» 

II 

II 

1/.-'^' 

TP.O' 

16. n' 

1  /,  .  *;  ' 

510 

II 

12.5* 

11.0' 

15.0' 

12.5' 

16.5' 

Iti.O' 

520 

9.0' 

13.0' 

II 

15.5' 

13.0' 

17. 0« 

15.':' 

530 

II 

13.5' 

11.5' 

16.0' 

13-'5» 

II 

16. n» 

540 

9.5' 

lU.O' 

12.0' 

16.5' 

U.O' 

16.5' 

550 

II 

II 

12.5' 

17. C 

1A.5' 

17.0' 

560 

10.0' 

1/..5' 

13.0' 

17.5' 

15.0' 

17.5' 

570 

II 

15. C» 

13.5' 

15.^;' 

560 

10. 5 » 

15.5' 

1A.0» 

16.0' 

590 

II 

16.0' 

15.0' 

16.5' 

600 

NOTES; 

1.  40 
con 
qui 

2.  30 
•  •c 

3.  LiB 

4.  All 
pel 
f«* 


I        '  ■        I  ■        '         ■        ■         ■        ' 

Th*  data  ahown  in  tbia  tabla  raflaet  tha  folloaiaf  baaic  ainiau*  raqui raaan ta : 
inch  ainiauB  aaparotiea  at  poia  bataaan  nautral  or  aacondary  and  hiqhaat  talaphoaa 
ductor.  (Thaaa  tablaa  do  net  include  any  cona idara t ion  of  ainiaua  aaporation  ra- 
raaanta  whan  poaar  aquipaant  ia  aountad  on  pola  balea  tha  nautral). 


inch  ainiau 
ondar  iaa 


a  aidapan  aaporation  bataaan  hiqhaat  talaphona  conductor  and  nautral  or 

onaarios . 

a  of  aigkt  rula  ahan  aacaadariaa  up  to  7S0  Tolta  ara  involvad. 

aaparationa  ara  baaad  on  REA  pola  haad  con f iqurationa  aith  nautral  2%    faat  baloa 

a  top  and  phaaa  airaa  oceupyinq  a  poaition  at  top  of  pola  and  loaaat  aacondary  3 

t  balov  nautral.  _.         _. 

RJUFig.  No.  2L   
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^^^^^^^1 
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VER 

TICAL  SEPARATION  TABLES  FOR  TELEPHONE  UNDERBUILD 
ON  REA  ELECTRIC  POLE  LINES 

LOAD  INS 

Med 

OISTMICT       1 

>0«CM    CONOUCTOR 

k  7/1  ACSR 

lium 

riLEPHONC    CONOUCTOM 

.080  HS  40^  Copperweld 

.k*B   ■•eoadatlca  ar«  pr«s«*t  or  plaaa*^.  ua«  eeluaa  "SvcoDdary  '.      All 
■■BTOtioaa   sbovn  ar*  b«tv«*a  neutral   and    t«l«pttoa*  coadactora. 

NIIINUM    SEPARATION    AT    POLE    lETWEEN    POWER    NEUTRAL    AND    TELEPHONE    CONDUCTORS    (Feet) 

SPAN 

^IJI   RUL  IN6     SPAN 

S/i2"«Ul.lNG     SPAN 

600'   "ULING    SPAN 

70QIRUL IN6    SPAN 

RULING     SPAN 

LENGTH 
FT. 

LOWER    PO«CR   COMO. 

LOWER    POWER   CONO. 

LOWER    POWER   CONO. 

LOWER    POWER    CONO. 

LOW£R    POWER    CONO. 

NCUTMAL 

tCCOMOAav 

MCUT**L 

SCCONOAMV 

NtUTMAL 

SCCONOAHV 

HtUTHAL 

SECOMD*»V 

HlUTBAL 

sr.cowOA«Y 

200 

210 

220 

230 

240 

250 

3.5' 

6.5' 

3.5' 

6.5' 

3.5' 

6.5' 

3.5' 

6,5'  _. 

260 

II 

II 

II 

It 

II 

II 

II 

II 

270 

it 

II 

II 

11 

II 

II 

L.O' 

7.0' 

280 

II 

II 

II 

II 

11 

II 

II 

It 

290 

II 

II 

II 

II 

II 

11 

II 

It 

300 

II 

M 

II 

II 

II 

II 

II 

II 

310 

II 

II 

II 

It 

II 

II 

II 

It 

320 

II 

II 

II 

11 

II 

II 

It 

II 

330 

II 

II 

It 

11 

n 

n 

4-5» 

7-5» 

340 

II 

11 

II 

II 

II 

II 

II 

It 

350 

II 

II 

II 

II 

/..O' 

II 

II 

It 

360 

II 

II 

II 

II 

II 

7.0« 

II 

It 

370 

II 

II 

II 

II 

II 

II 

It 

8„Q'..- 

380 

II 

II 

II 

7.0' 

II 

7.5' 

5.0' 

It 

390 

II 

II 

II 

II 

II 

II 

II 

8.5' 

400 

II 

7.0» 

II 

II 

II 

8.0' 

II 

II 

410 

II 

II 

II 

7.5« 

II 

II 

It 

9,0'..-.. 

420 

II 

II 

11 

II 

/..5' 

II 

5.5' 

II 

450 

440 

450 

460 

470 

480 

490 

500 

510 

520 

530 

540 

550 

560 

570 

580 

.  — 

590 

600 

NOTES:   Th»  data  ahoan  in  thia  tabla  raflact  tha  following  baaic  ainiBua  r equ i r a aan t a : 

1.  40-iDch  ■iniaua  aaparation  at  pola  batwaan  nautral  or  aacondary  and  hiqhoat  taiaphono 
conductor.   (Thaaa  tablaa  do  not  includa  any  con « i da r a t i on  of  ainiHUH  aoparation   ra- 
quiraaanta  whan  poaar  aquipaant  iv  aountad  on  pola  baioa  tha  nautral'. 

2.  30-inch  ainiaua  aidapan  aaparation  bataaan  hiqhaat  talaphona  conductor  and  neutral  or 
aacondar  iaa . 

3.  Llna  of  aiqkt  rula  abaa  aacondariaa  up  to  7S0  volta  ara  involved. 

4.  All  aaparationa  ore  baaad  on  HCA  pola  head  con f igura t iona  aitb  neutral  2%    feet  beloo 
.  pola  top  and  phaaa  viraa  occupying  a  poaition  at  top  of  pola  and  loaeot  aacondary  3 

faat  bale*  aautral.  ..    __ 

HTVFig.  Nq.  25 


VCITICAL  SEPARATION  TABLES  FOK  TELEPHONE  UN0ER8UIL9 
ON  REA  ELECTRIC  POLE  LINES 


lk«a  ••eo«dacl«aar«pr***st  or  pit 


*'***        A25"'UL1NG     SPAN 
LEN6TN    I   "^'  ' 


FT. 


200 


210 


220 


230 


240 


.250 


260 


270 


280 


290 


300 


310 


320 


330 


340 


350 


360 


-   .  ■••  colaaa  "SveoB^ary". 
■1  Pad  f I>phon»  cenductora 


AU 


COAOIN*   OISTMICT 


Medium 


POWtR    CONOUCrOK 

No,  U  7/1  ACSR 


TCLCPHONC  CONDUCTOR 


.102  EHS  30^  Copperweld 


MUtWUW    SEPARATIOM    AT   POLE    ICTWEtR    POWER    NCMTRAL    AWD    TELEPMOtE    COIIDUCTORS    (Feet) 


LOWER    POWER   COMO. 


NCUTMAL 


J^ 


SCCOHOAUr 


Asll 


'^/^^'RULINC     SPAN     6QQ'    ""LING    SPAN 


LOWER   POWER   CONO. 


NtUTtAL 


J^ 


SCCONO*«Y 


i*i. 


LOWER    POWER   CONO. 


NCUTRAl. 


-LJ. 


sccoN«*ay 


AmQI 


±^ 


2^01 


3QQ 


I RUL IN6    SPAN 


LOWER    POWER    CONO. 


NCUTKAL 


JuQl 


Am^ 


-S*0] 


SECONOAMV 


2mQ1 


2^ 


8.0' 


RULING     SPAN 


# 


LOWER  POWER  CONO. 


NCUTNAL 


seCONOAMV 


370 


jUi! 


1^ 


A-dl 


2^ 


380 


-a^ 


390 


i^ 


-5^ 


400 


jLai 


.^^ 


.a^flj 


• 


410 


420 


k.O' 


2^ 


8.0 


-ixQJ 


B^ 


6.0' 


.2^ 


430 


Jul! 


440 


2mQ1 


lO-Q' 


450 


8.0' 


.8^ 


10.5' 


460 


.2^ 


6.5' 


470 


A^ 


9.0 


JLUU 


480 


i^ 


lO.Q' 


n.5..' 


490 
500 


2^ 


2^ 


n 


JLO! 


,i*QJ 


in.'^t 


i?,n' 


510 


.:2^ 


JiUl 


n.fl' 


JL^ 


12.5' 


520 


6.Q' 


530 


IQ.Q' 


^Jl^ 


Jl^ 


1,3.0' 


540 


Jk±l 


13,5' 


550 


IQ.?' 


ll.Q 


12.0' 


.^^ 


JLUO! 


560 


JLUi 


iu5J 


12,.5' 


570 


lltQ' 


^^ 


iU5. 


■1Z^..5 


580 


1^,Q' 


22uQl 


15. Q« 


590 


600 


NOTES: 

1. 

40-1 

CwDd 

quir 

2. 

30-1 

•  •CO 

3. 

LlD« 

4. 

All 

pel* 

f««t 

Th«  data  shoan  In  thla  tabl*  r«fl«ct  tb«  following  boslc  ■iniaun  r»qui roaon t ■ : 
nch  alnlaua  ■•paratien  at  pola  b*twa«n  nautral  or  aacondary  and  biqbaat  talapbona 
uctor.  (Thaaa  tablaa  do  not  includa  any  con aidara t ion  of  ainiaua  aeparation   ra- 
aaanta  aban  poaar  aquipaaat  iv  aountad  on  pola  baloa  tha  neutral). 

neb  ainiaua  aidapan  aaparation  batvaan  biqbaat  talapbona  conuuctor  and  nautral  or 
ndariaa . 

of  aiqbt  rula  aban  aacondariaa  up  to  7S0  Tolta  ara  involrad. 
aaparatloaa  ara  baaad  on  REA  pola  haad  con f iqura t iona  witb  nautral  3/%  faat  baloa 

top  and  pbaaa  alraa  occupyinq  o  poaition  at  top  of  pola  and  lowaat  aacondary  3 

baloa  nautrol. 
: ffn-Ti'^g.  Wn.  26 
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VERTICAL  SEPARATION  TABLES  FOR  TELEPHONE  UNDERWIILO 

LOAOIN*   OKTKICT 

Uadlum 

roam  cONOucTO* 
No.   4-7/1  ACSR 

OH    RU    tLtblKll.   niLt    LiHtS 

TfLC^HOHC    CONOUCTO* 

.109  Grade  135  Steel 

tttca    ••coQdorlaa  ar*  pr»a«at  ar  planaad.  us*  coluBB   "SaeoBdary".      All 
••parotiona    ahewB  or*  bataaaa   aautral    aad    talapkooa   eoaductara. 

NIHIMUM    SEfARATlON     AT    POLE    lETWEEl    POWER    NEUTRAL     AiD    TELEPHONE    CONDUCTORS    (FoetJ                      > 

SPAN 

425'   RUL 1 NG     SPAN 

542' RULING     SPAN 

600'   RUL IN6     SPAN 

700'RULING     SPAN 

RULING     SPAN 

LENGTH 
FT. 

LOWCR    POWER   COMO. 

LOWER    POWER   CONO. 

LOWER    POWER   CONO. 

LOWER    POWER    CONO. 

LOWER    POWER    CONO 

NKUTRAL 

SCConOAar 

NfUTRAL 

SCCOMOAMY 

HCUTMAL 

sccoNOAur 

NtUTMAL 

SCCONOARY 

NCUTRAL 

SCCONOAKT 

200 

210 

220 

250 

240 

250. 

3.5» 

6.5» 

3.5' 

6.5» 

3.5« 

6.5' 

4.0' 

7.0' 

260 

n 

N 

t» 

ft 

•1 

It 

ft 

n 

270 

w 

II 

It 

It 

It 

It 

ft 

n 

280 

?» 

N 

It 

ft 

ft 

If 

ft 

n 

250 

« 

11 

II 

tt 

4.0' 

tt 

4.5' 

t» 

300 

ft 

n 

II 

ft 

If 

7.0' 

ft 

tt 

310 

« 

n 

It 

H 

It 

» 

ft 

7.5' 

320 

M 

It 

It 

ft 

It 

ft 

ft 

ft 

330 

n 

« 

It 

II 

It 

It 

ft 

ft 

340 

i» 

It 

4.0' 

If 

11 

ft 

5.0' 

8a0' 

350 

n 

It 

It 

tt 

4.5' 

II 

ft 

tt 

360 

n 

It 

H 

7.0' 

It 

ft 

n 

ft 

370 

II 

tf 

It 

ft 

ft 

7.5' 

ft 

ft 

380 

n 

ft 

tt 

ft 

If 

It 

5.5' 

8.5' 

390 

i» 

It 

It 

If 

It 

It 

ft 

ft 

400 

4.0' 

7.0' 

ft 

It 

ft 

8.0' 

ft 

9.0* 

410 

If 

11 

4.5' 

7.5' 

5.0» 

It 

6.0' 

It 

420 

II 

7.5' 

" 

ft 

It 

tt 

II 

It 

430 

•1 

tt 

It 

8.0' 

It 

8.5' 

It 

9.5» 

440 

;; 

It 

It 

ft 

H 

•1 

6.5' 

10.0' 

450 

11 

8.0* 

•t 

8.5' 

tt 

9.0' 

II 

II 

460 

<» 

It 

TT" 

It 

5.5' 

ft 

It 

10.5' 

470 

It 

8.5' 

it 

9.0' 

H 

9.5' 

7.0' 

11.0' 

480 

4.5' 

It 

5.0' 

It 

ft 

It 

It 

ft 

490 

It 

9,0' 

It 

9.5' 

tt 

10.0' 

ft 

irts' 

500 

ti 

It 

It 

It 

6.0' 

It 

7.S' 

12.0' 

510 

^20 

530 

— 

__- 

!>40 

550 

560 

570 

580 

590 

600 

1 

NOTES:   Tha  data  ahown  in  thia  tabl«  rafiact  tha  following  baaic  ainiBua  raqu i r •••n t • : 

1.  40-inch  ainiaua  saparation  at  pola  batwaan  nautral  or  aacondary  and  bighast  talaphona 
conductor.   (Thaaa  labia*  do  not  includa  any  con • idar a t ion  of  ainiauM  aaparation   re- 
<;uiraa«nts  *han  povrr  aquipaant  ia  aountad  on  pole  baloa  the  neutral). 

2.  30-inch  Bin\Bua  aidspan  aaparation  between  highaat  telephone  conductor  and  neutral  or 
•  econdar  iea  . 

3.  Line  of  sight  rule  when  aecondaries  up  to  7S0  Tolts  are  involred. 

4.  All  aeparationa  are  based  on  RCA  pole  head  configurations  with  neutic:'.  3!^  feet  below 
pel*  top  and  phase  wires  occupying  a  position  at  top  of  pole  and  lowest  secondary  3 
fe«t  below  neutral.  ^.,  _.     ,,    __ 

RQ-Fig.  No.  27 


VERTICAL  SEPARATION  TABLES  FOR  TELEPHONE  UNDERBUILD 
ON  REA  ELECTRIC  POLE  LINES 

LOAOIN«    OlSTniCT 

Medium 

^0»f«    CONOUCTOR 

No.  U  7/1  ACSR 

^•«   Mcoadarlaaaraprasaat  or  plaaaad.  ua«  cela^  "S««eadarr"       All 
laparalioaa   ahewB  ar*  batwaaa  aaatral   and    talapkoaa  caadoctora. 

.109   GrAde    190   .«?tool 

1 nillKVm    SEPARATION    AT    POLE    BETWEEN    POWCt    .rur.A.     a-«    «.«„'. ....L. 

»"   (Feetj 

.ING     SPAN 

SPAN 
LENGTH 

it25'  ''UL  ING    SPAN 

SU2^    RULING    SPAN 

^OC'RULING    SPAN 

700"'U1->NG    SPAN    i                Rui 

FT. 

LOWER   r 

OWEP   CONO. 

LOWR   POWER   CONG. 

LOWER   POWER  COND. 

LOWER   POWER    C3N0. 

t- 

LOWER   Powrn  rrmn 

NIUTHAL 

$CC0MO«»V 

MlUTMAL 

tCCONOAIIV 

ncuthal 

S(C0NOA*r 

NCUTRAL 

SCCONOARV 

NCUTRAL 

200 

210 

220 

230 

240 

250 

3.5' 

6.5' 

3.5« 

6.5' 

3.5* 

6.5' 

A.0» 

7.0' 

260 

II  • 

II 

II 

It 

i..0» 

7.0' 

II 

II 

270 

If 

It 

II 

It 

It 

A..5' 

7.5' 

280 

II 

a 

II 

It 

II 

II 

It 

It 

290 

It 

>i 

11 

'It 

II 

II 

It 

It 

300 

II 

II 

L..0' 

7.0t 

It 

II 

II 

II 

310 

II 

II 

II 

It 

It 

II 

5.0' 

8.0' 

320 

II 

II 

II 

It 

i..*;' 

7.*;' 

ft 

II 

330  ^ 

4*flL 

7.0' 

It 

II 

It 

11 

It 

It 

340 

II 

It 

II 

It 

II 

II 

It 

11 

350 

11 

1? 

It 

It 

II 

It 

5.5' 

8.5' 

360 

n 

It 

'   /fc.5' 

7.';t 

It 

II 

It 

II 

370 

II 

It        I      It 

It 

'5.0' 

8-0' 

tt 

II 

380 

It 

It 

It 

It 

It 

It 

6.0' 

9.0' 

?90 

II 

II 

II 

It 

It 

II 

11 

It 

400 

ft 

11 

11 

ft 

II 

II 

It 

It 

410 

4.f5' 

7.5» 

II 

It 

5.5' 

8.5' 

6. 'J' 

9.5' 

420 

It 

It 

5.0« 

8.0' 

It 

ti 

It 

It 

450 

It 

It 

It 

It 

II 

II 

If 

It 

440 

It 

ft 

It 

II 

II 

9.0' 

7.0' 

10.0' 

450 

It 

8.0' 

It 

8.5' 

6.0' 

II 

It 

II 

460 

ft 

It 

11 

It 

II 

9.5' 

It 

10.5' 

470 

5.0' 

It 

^.•i' 

9.0« 

II 

II 

7.'5« 

11.0' 

480 

tf 

fi.5» 

» 

It 

ti 

lO.Ot 

It 

II 

490 

ft 

It 

It 

9.5' 

6.S' 

II 

8.0' 

n.^' 

500 

II 

9.0' 

II 

It 

It 

10.5' 

ti 

12.0' 

510 

It 

II 

6.0« 

10.0' 

ti 

II 

ti 

II 

520 

5.5' 

q.5' 

It 

II 

7.0' 

11.0' 

8.5' 

12.';' 

530 

It 

It 

It 

10.5' 

It 

It 

II 

13.0' 

540 

it 

10.0» 

II 

tt 

It 

11.5» 

9.0' 

II 

550 

It 

It 

6.5t 

11.0' 

7.5' 

12.0' 

II 

13.5' 

560 

II 

10. s» 

tt 

It 

11 

II 

9.5' 

1A.0» 

570 

6.0' 

II 

II 

11.5' 

II 

12.5' 

II 

1A.5' 

580 

ti 

11.0' 

It 

It 

8.0' 

13.0' 

10.0' 

15.0' 

590 

It 

It 

7-nt 

i?.n» 

ti 

II 

II 

ft 

600 

# 


BOTES:   Tha  data  ahown  in  thia  tabla  ra 

1-  40-lDcb  niniauB  aaparation  at  pola  b 

conductor.  (Tbaaa  tablaa  do  not  incl 

quiraaanta  whan  poaar  aquipaant  i«  a 

2.  30-incb  ainiaua  aidapan  aaparation  b 
aacondar  iaa . 

3.  Lina  of  aiqbt  ruia  aban  aacondariaa 

4.  All  aaparatiooa  ara  baaad  on  RCA  pol 
pel*  top  and  phaaa  wiraa  occupying  a 
faat  balo«  aautrai. 


flact  tfaa  feiloaing  baaic  ainiaua  raqu i raaan t a : 
•tvaan  nautrai  or  aaeondary  and  hiqbaat  talaphona 
uda  any  conaidara t ion  of  ainiaua  aaparation  ra- 
ountad  on  pola  baloa  tha  nautrai). 
atvaan  biqbaat  talaphona  conductor  and  nautrai  or 

up  to  7S0  Tolta  ara  in^olvad. 

a  haad  configurations  with  nautrai  3ii  faat  balew 
position  at  top  of  pola  and  lewaat  sacendary  3 

RD-Fig.  No.  28 
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VERTICAL  SEPARATION  TABLES  FOR  TELEPHONE  UNDERBUILD 

AM    arA     n  r^Tnt^    aAa  r    i   imps 

LOA>IN« 

OKTmCT 

^OVCII    CONOUCTOM 

No.  6A  Coppervreld 

wn    HKM    tktviniv   rwkc   kincs 

Medium 

TCLCPMONC    CONSUCTOII 

•■   ••eoBtt.T'ica  arc  pr*a*at  or  plaaa«d.  «••  coiuMB  "S«eon4ary".      All 
2aratloas   ahb-^  or*  b*t«««a   neutral   and   t*l«phoa«  ceadactor*. 

•080  HS  AO^  Copperweld 

NI!«IMUM    SEPANATIOM    AT    POLE    BCTWCER    POWER    NEUTRAL    AND    TELEPNOHE    CONDUCTORS  CFeet) 

SPAN 
LENGTH 
FT. 

/iSO'SUL  ING    SPAN 

SOO'^ULING     SPAN 

5751    RUL INC    SPAN 

RULING    SPAN 

RULING    SPAN 

LOWER    POWER   COMO. 

LOWER   POWER   CONO. 

LOWER   POWER  CONO. 

LOWER    POWER    CONO. 

LOWER   POWER  CONO. 

NCUTKAL 

tcconOAiir 

NIUTMAL 

SECONOAIIV 

NCUTMAt 

tCCONOARr 

NCUTMAt. 

SCCOMOARV 

NCUTRAL 

9CC0N»AflY 

200 

^ 

210 

220 

230 

240 

250 

'^.5« 

6.S» 

1.5' 

6.';' 

3.5' 

6.5» 

260 

It 

li 

II 

It 

It 

)l 

270 

II 

It 

II 

It 

It 

tl 

280 

II 

II 

II 

It 

It 

ft 

^90 

II 

II 

II 

II 

II 

It 

300 

II 

II 

II 

II 

It 

II 

310 

» 

II 

It 

It 

II 

II 

320 

II 

II 

It 

It 

II 

II 

330 

II 

II 

II 

It 

ti 

II 

340 

II 

11 

It 

II 

II 

11 

350 

» 

It 

II 

It 

It 

II 

360 

II 

)i 

1) 

It 

•» 

II 

370 

II 

II 

It 

It 

II 

II 

380 

II 

It 

It 

It 

II 

II 

390 

II 

n 

II 

It 

It 

II 

400 

II 

It 

II 

It 

It 

7.0t 

410 

II 

II 

It 

It 

II 

It 

420 

II 

7.0' 

It 

7.0' 

It 

It 

450 

440 

450 

460 

470 

480 

490 

500 

510 

520 

530 

540 

550 

560 

570 

580 

590 

600 

^v 


NOTES:   Th»  data  •ho»n  in  thla  tobl*  r«fleet  th*  following  baaic  ainiaua  rvqui raaan t • : 
1.  40-iacb  ■ioiaua  aoporation  at  pola  bataaan  nautral  or  aacondary  ind  bigbaat  talaphona 

conductor.  (Tbaaa  tablaa  do  not  includa  any  conaidara t ion  of  ainiauB  aaparatioo  ra- 

quiraaanta  aban  povar  aquipaant  ia  aountad  on  pola  baloa  tba  nautral). 

30-inch  ainiaua  aidapan  aap'arotion  batwaan  highaat  talaphona  conductor  and  nautral  or 

•  acondar  iaa . 

3.  Llaa  of  aigbt  rula  «han  aacondariaa  up  to  7S0  volta  ara  involvad. 

4.  All  a«parationa  ara  baaad  on  REA  pola  haad  con f iqura t iona  aitb  nautral  3!<  faat  baloa 
pola  top  and  phaaa  airaa  occupying  a  poaition  at  top  of  pola  and  loaaat  aacondary  3 
faat  baloa  nautral.  ^^ 


p::.: 


VERTICAL  SEPARATION  TABLES  FOR  TELEPHONE  UNOERBUILO 

AH     DCA     CI  C/>TBI<>     DAI   C     1    IMr* 

LOADINfi 

OlSTmCT 

►Owen  coNOucToa 

No.  6A  Copperweld 

wn     n«.n     Lkbviniv    rwbfc    winbtf 

Medium 

TCLCPMONC    CONOUCTOM 

Vh««   ■•caadotlaa  or*  praaant  or  plaaa»4.  US*  ceiiiMi  "Sacaadory".      All 
aaparatioaa   shown  ara  bat«a«a  aa«tral   and    talapbono   coaductora. 

.102  EHS  305S  Copperweld 

HiaiMUM    SCPANATIOH    AT    POLE    ICTWCEH    POWER    NEUTRAL    ADO    TELEPHONE    CONDUCTORS    f Feet/ 

SPAN 
LENGTH 
fT. 

/^50'    "UL  ING     SPAN 

500"'ULIN6     SPAN 

57/51   RUL  ING    SPAN 

RULING    SPAN 

R!^_  .  ^!G     SPAN 

LOWER    POUfER   COMO. 

LOWEP    POWER   CONG. 

LOWER    POWER   CONO. 

LOWER    POWER    CONO. 

LOWER    POWER   CONO. 

NCUTMAL 

SCCONOAMV 

NCUTMAL 

StCONDAHV 

NtUTKAt 

tCCONOAMV 

NCUTRAL 

SICOKOAMV 

MCUTWAL 

SCCONOARV 

200 

210 

220 

230 

240 

250 

1.5« 

6.5' 

3.5' 

6.5' 

3.5- 

6.5' 

260 

II 

II 

II 

II 

II 

It 

270 

It 

II 

It 

ft 

II 

II 

280 

II 

II 

II 

II 

It 

II 

290 

II 

ti 

.1 

II 

II 

11 

300 

II 

11 

11 

II 

II 

II 

310 

If 

11 

11 

II 

II 

II 

320 

II 

II 

II 

II 

II 

II 

330 

II 

II 

" 

II 

II 

It 

340 

II 

n 

.1 

II 

II 

II 

350 

II 

II 

II 

II 

It 

It 

360 

II 

II 

II 

II 

H 

It 

370 

II 

II 

II 

II 

II 

II 

380 

II 

II 

" 

11 

II 

II 

390 

II 

II 

II 

II 

II 

It 

400 

II 

II 

II 

II 

II 

7.0' 

410 

II 

It 

II 

II 

II 

It 

420 

II 

n 

II 

7.0» 

II 

II 

■ 

450 

11 

7.0t 

II 

II 

II 

7.5' 

440 

It 

It 

II 

II 

It 

It 

450 

II 

II 

II 

7.5' 

It 

II 

460 

II 

•» 

II 

It 

It 

8.0' 

470 

II 

7.S» 

II 

8.0' 

II 

II 

480 

II 

II 

II 

II 

II 

8.5» 

490 

II 

8.0« 

II 

II 

» 

It 

500 

II 

II 

II 

8.5' 

A.O' 

II 

510 

II 

8.S» 

II 

II 

II 

9.0' 

520 

II 

It 

II 

9.0» 

II 

It 

530 

II 

Q.0« 

II 

II 

II 

Q.'>» 

540 

II 

II 

II 

9.5' 

II 

It 

550 

II 

Q.*;' 

II 

It 

II 

in.ni 

560 

II 

II 

It 

It 

II 

II 

570 

II 

10. 0» 

II 

10.0' 

II 

10.5' 

580 

II 

II 

II 

II 

II 

II 

590 

II 

10. 5 » 

II 

10.5' 

II 

11.0' 

600 

NOTES:   Tb*  data  shown  in  thi«  tabl*  r«fl«ct  tha  foilovln?  baaic  ainiMua  raqui raaan t ■ : 

1.  40-iiich  MiniauB  ••paratlon  at  pol*  b«t«*«n  nautral  or  ■•coadary  and  higb*at  tolcphono 
conductor.  (Tbaaa  tablaa  do  not  includo  any  cona idora t ion  of  ainiaua  aoparation  ro- 
quiraaanta  vhan  poaar  aquipaant  i«  aountad  on  poia  balo*  tha  nautral). 

2.  30-inch  ainiaua  aidapan  aaparation  batvaan  hiqhaat  talaphona  conductor  and  nautral  or 
•acondarias 


Lina  of  sight  rula  whan  saeondarias  up  to  7S0  volts  ora  involTad. 

All  aaparations  ara  basad  on  RCA  poia  haad  configurations  with  nautral  3^  f*«t  balow 
pola  top  and  phaaa  wiras  occupying  a  position  at  top  of  poia  and  lowast  sacondary  3 
fact  balow  nautral.  ^^ 


I 
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VERTICAL  SEPARATION  TABLES  FOR  TELEPHONE  UNDERBUILD 

LOAOIN« 

OlSTmCT 

rovcR  coNoucTon 

No*  6A  Copperweld 

V 

un    RCA    CLCUIHIV    rULC    LIHC9 

tfedlum 

TCtCPHONC    CONOUCTOII 

Tk«a   ■•coadoclva  or*  pr*a«Dt  or  plaiui*4.  «■•  coImmd  "Ssooodary".      All 
iaporatioBS   •be«»  or*  b«t«**a  aavtral   and    talapkon*  eoodaetors. 

.109  Grade  135  Steel 

NiaiNUM    SEPAtATIOM    AT    POLE    BETWEEN    POWER    NEUTRAL    AMD    TELEPHONE    CONDUCTORS    (Feet) 

S^AN 

/iSO'RULING    SPAN 

500"'U'-'NG    SPAN 

575IRULING    SPAN 

RULING    SPAN 

RULING    SPAN 

LENGTH 
FT. 

LOWER    POWER   CONO. 

LOWER   POWER   CONO. 

LOWER   POWER  CONO. 

LOWER    POWER    CONO. 

LOWER   POWER   CONO. 

NIUTMAL 

SCCONOAIIY 

ncuthal 

ICCONOAIiy 

NIUTKAL 

SCCONOAMr 

NCUTMAL 

SECONOAMV 

NCUTMAL 

SEC*NOAiir 

200 

210 

220 

250 

240 

250 

•^.'5' 

6.'^' 

'^.'5» 

A.*?! 

^-St 

A.'Ji 

260 

II 

II 

tl 

II 

It 

It 

270 

II 

It 

It 

II 

II 

tt 

280 

11 

II 

It 

II 

II 

1: 

^0 

II 

II 

II 

II 

II 

It 

300 

II 

II 

It 

II 

II 

It 

310 

II 

II 

II 

1) 

It 

It 

320 

II 

II 

II 

II 

II 

II 

330 

II 

II 

It 

II 

II 

It 

340 

II 

tl 

•• 

II 

It 

11 

350 

II 

II 

II 

II 

It 

" 

360 

II 

II 

It 

It 

II 

II 

370 

II 

11 

tl 

II 

tl 

It 

380 

11 

It 

It 

II 

11 

II 

390 

11 

II 

II 

II 

tl 

II 

400 

11 

It 

It 

II 

II 

7.0« 

410 

tl 

II 

II 

II 

II 

tl 

'     420 

It 

7.0» 

It 

7.0t 

tl 

tl 

430 

II 

II 

II 

It 

It 

7-'?l 

440 

II 

II 

tl 

II 

tl 

II 

4S0 

11 

?-'>» 

tl 

7-5* 

2i.0« 

It 

460 

II 

11 

It 

II 

II 

8.0» 

470 

II 

II 

II 

8.0* 

II 

It 

480 

tl 

A.nt 

It 

11 

11 

It 

490 

II 

II 

II 

II 

11 

8.S' 

500 

II 

II 

It 

8-'-i» 

11 

II 

510 

tl 

8.5* 

L^Q^ 

It 

II 

g.o» 

520 

tl 

II 

tl 

<?.0« 

II 

II 

530 

II 

Q  ni 

It 

tl 

II 

Q    K% 

540 

II 

II 

It 

II 

/..'5t 

tl 

550 

tl 

«?-<;• 

It 

Q.^i 

II 

in.ni 

560 

L..0' 

It 

II 

tl 

tl 

tl 

570 

II 

10. o» 

»i 

10.0* 

II 

10- S' 

580 

It 

II 

It 

II 

It 

II 

590 

II 

10-S« 

tl 

lO-*?' 

II 

11.0' 

600 

NOTES:   Th«  data  ahown  in  this  tabi*  raflvet  th«  foilevinq  basic  ainiBua  raqui rasan ta : 

1.  40-inoh  ■iniaua  aaparation  at  pola  batvaan  nautrai  or  sacondarr  «*«»«*  highaat  talaphona 
■  cooductor.  (Thasa  tablaa  do  not  includa  any  considara tion  of  niniauB  aaparation  ra- 

quiraaanta  vhan  povar  aquipaant  ia  aountad  on  pola  baloa  tha  nautral). 

2.  30-ineh  ainiaua  aidapan  aaparation  batwaan  bighast  talaphona  conductor  and  nautral  or 
aacondar iaa . 

3.  Lin*  of  aigkt  rula  «kan  aacondariaa  up  to  750  volta  ara  involvad. 

4.  All  saparationa  ara  baaad  on  REA  pola  baad  con f iqur a t iena  with  nautral  3)i    faat  bale* 
•  pel*  top  and  phoaa  viraa  occupying  a  position  at  top  of  pola  and  loaaat  aacondary  3 

faat  bale*  nautral. 

RT^FIg.  Nn.  31 


VERTICAL  SEPARATION  TABLES  FOR  TELEPHOUE  UNOERWILD 
ON  REA  ELECTRIC  POLE  LINES 

LOADiN«  DiaraicT 

^oata  cONOucToa 

No,  6A  Copperweld 

Medium 

TtLCPHONC    CONDUCTOR 

••   ••eo^arl«aar*pr*a«at  or  plaaavd.  ua«  eelaiH  "Secondary".      All 
paratleaa  ako««  ora  b«t«*M   oaatral  mi   talaphoaa  eeaduetera. 

.109  G 

rade  190  Steel 

COaOUCTORS    fP^pt^ 

NIIIMUM    SCPAtATIOi    AT    POLE    ICTWEEN    POWER    REUTRAL    AID    JtLlPuamr 

SPAM 
LENGTH 

ZtSQIRUL  ING    SPAN 

500' RULING     SPAN 

575tRULING    SPAN 

RULING    SPAN 

RULING     SPAN 

FT. 

LOWER    POWCR    COMO. 

LO«R    POWER   CONO. 

LOWER   POWER  CONO. 

LOWER    POWER    CONO. 

LOWER    POWER   CONO. 

NCUTRAL 

SfCONOAMY 

NCUTMAL 

SCCONOAKY 

NCUTMAL 

SCCON«ARr 

NCUTRAL 

SECONDARY 

NCUTRAL 

SCCONOAtY 

200 

210 

220 

2?0 

240 

250 

3.5' 

6.5' 

3.5' 

6.5' 

3.5' 

6.5' 

260 

II 

II 

II 

It 

It 

" 

270 

II 

II 

It 

II 

If 

t) 

280 

II 

It 

It 

If 

It 

11 

290 

It 

It 

It 

It 

II 

II 

300 

II 

It 

It 

It 

It 

II 

310 

II 

It 

It 

It 

II 

II 

320 

11 

It 

II 

It 

It 

II 

330 

fi 

II 

II 

If 

It 

It 

540 

II 

II 

II 

If 

II 

It 

??o 

It 

It 

It 

II 

II 

II 

360 

li 

II 

It 

It 

/..0» 

7.0« 

370 

It 

6.5' 

II 

II 

II 

tt 

380 

1! 

II 

II 

.  11 

II 

It 

390 

•» 

It 

/..0« 

7.0' 

If 

II 

400 

It 

II 

II 

If 

It 

II 

410 

Z..0' 

7.0« 

It 

II 

If 

It 

420 

II 

II 

II 

If 

If 

If 

450 

It 

II 

It 

II 

It 

7.5' 

440 

II 

It 

If 

II 

It 

It 

450 

II 

7.5' 

If 

7.5' 

^.5' 

II 

460 

II 

It 

It 

It 

It 

8.0' 

470 

It 

It 

It 

8.0' 

It 

It 

480 

II 

8.0' 

/..5' 

It 

It 

8.5' 

490 

It 

II 

It 

If 

II 

II 

r"  ■ 

500 

It 

II 

It 

8.5' 

It 

It 

510 

/..5» 

8.5' 

It 

It 

5.0' 

9.0' 

520 

II 

It 

It 

9.0' 

It 

It 

530 

It 

9.0* 

It 

It 

II 

9.5' 

540 

It 

It 

" 

It 

It 

It 

550 

It 

9.5' 

It 

9.5' 

II 

10,0' 

560 

tt 

It 

5.0' 

It 

It 

It 

570 

It 

10.0' 

It 

10.0' 

5.5» 

10.5' 

580 

5.0' 

It 

It 

It 

It 

II 

590 

It 

Tn-'5« 

It 

10.  CI 

It 

n.nt 

600 

■  OTCS:        Tlia    data    ahown     in     thia     tabl*    r«fi«ct     tb«     folioving    basic    ■iniaua     raqui  raaaa  t  a  : 

1.  40-lneb    ainiBua    aaparatien    at    pola    b«tw««a    nautral    or    ■•eeadary    and    biqbast     t«l«phen* 
conductor.     (Thoaa     tabias    do    not     ineluda    any    con • idora t ion    of    ainiaua    aaporation      ra- 
quiraaanta    ahon    povar    aquipaaat    ic    aountad    on    pola    baloa    tba    nautral). 

2.  30-inch    ainiaua    aidspan    aaparation    bataaan    bighaat     taiaphona    conductor    and    nautral    or 
aacondar iaa . 

3.  Lina    of    aiqbt    ruia    ahan    aacondariaa    up    to    7S0    velta    ara    iavolTad. 

4.  All    aaparationa    ara    baaad    on    REA    pola    haad    con f iqura t iona    aith    nautral    3Ji    faat    baloa 
pola    top    and    phaaa    airaa    occupying    a    position    at     top    of    pola    and    loaaat    aaeondary    3 
faat    baloa    nautral. 

# 
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VERTICAL  SEPARATION  TABLES  FOR  TELEPNOiE  UNDERBUILD 

AH     DC*      CI  C^TBI^     BAi   C     1   IMC* 

LOAOIM 

1  oitraicT 

poaca   cOMOucToa 

No.   6  HD  Copper 

wn    nt.M     bkbviniv    rwkb    kin^d 

Medium 

TtLCPHOMC     COMOUCTOa 

*li«a    ••ceadariva  or*  pr»a*«t  er  plaaa*d.  ua«  eolaaa  "Sveeadarr  ".      All 
a«paratieaa    ahowB  ara  b«l»»*a   aaatral    aad    talaphoaa   ceaductora. 

.080  HS  U.0%  Copperweld 

NIIIMUM    SEfA»ATIOl     AT    POL£    lETWCCl    POWtt    NEUTRAL     AID    TELEPMOBE    COBOUCTOtS    (Feet) 

SPAN 
LENGTH 
FT. 

330'     RULING     SPAN 

350' RULING     SPAN 

395tRULIN6    SPAN 

RULING     SPAN 

RUL 1 NG     SPAN 

LOWER    POWER    COttO. 

LOWER    POWER    COHO 

LOWER    POWER   CONO. 

LOWER    POWER    CONO. 

LOWCR    POWER    cot*'). 

MCUTMAL 

SCCOMOART 

NCUTMAL 

SCCOMOARY 

HCUTMAL 

SECONOAIT 

HEUT«*L 

SECO»»0*«T 

NCUTaAL 

SCCOHOAKT 

200 

210 

220 

230 

240 

250 

^.5» 

7.5' 

^.5' 

7.5' 

5.0' 

8.0' 

260 

It 

tt 

5.0' 

8.0' 

5.5' 

8.5' 

270 

II 

It 

It 

ti 

It 

280 

5.0' 

8.0' 

It 

II 

tt 

tt 

290 

ti 

II 

5.5' 

8.5' 

6.0' 

9.0' 

300 

II 

It 

M 

It 

II 

tl 

310 

5.5' 

ft-5' 

<^.n' 

Q    pl 

6.5' 

9.5' 

320 

It 

It 

II 

It 

It 

II 

33C 

It 

It 

II 

tl 

7.0' 

It 

340 

6.0' 

P.O' 

A-5' 

g.5' 

It 

10.0' 

.    350 

II 

11 

II 

tl 

7.5' 

10.5' 

360 

A. 5' 

9.5' 

fi 

in.ot 

tl 

tt 

370 

tt 

10.0' 

7.0' 

10.5' 

8.0' 

11. 0» 

38C 

II 

11 

It 

II 

It 

11.5' 

390 

7.0' 

10.5' 

7.5' 

11.0' 

8.5' 

12.0' 

400 

II 

11.0' 

II 

11.5' 

II 

12.5' 

410 

7.5' 

ft 

8.0' 

12.0' 

9.0' 

13.0' 

420 

II 

11.5' 

It 

II 

9.5' 

13.5' 

430 

440 

450 

460 

470 

480 

490 

500 

510 

520 

530 

540 

550 

560 

570 

580 

590 

600 

NOTES: 

1. 

40-1 

cond 

quir 

2. 

30-1 

•  •CO 

3. 

Llna 

4. 

Ail 

poi* 

fwwt 

Th*  dota  abovn  in  this  tabl*  r«fl«et  th«  felioving  baaic  Biniaua  r*quir 
neh  ■iniBua  ••paratien  at  pol*  b«t«««B  nautral  or  a«coBdarf  and  highoat 
uctor.  (Tbaaa  tablaa  do  not  includa  aof  cona idara t ion  of  ainiaua  aaparat 
•  ■•nta  ahan  poaar  aquipaant  it    Bo^intad  on  poia  balov  tha  nautral). 
neb  ainiauB  aidapan  aaparatioa  batwaan  hiqhaat  taiapbona  conductor  and  n 
ndar  iaa . 

of  aight  ruia  aban  aaeondariaa  up  to  7S0  volta  ara  inTolvad. 
•aparationa  ara  baaad  on  RCA  pela  baod  coa f igura t ioBS  with  aautrai  3^  fa 

top  oad  phaaa  airaa  occupyiag  a  poaitioa  at  top  of  pola  aad  loaaat  aaco 

balew  nautral . 


aaaa  t a : 
t alaphoaa 
ion  ra • 

aut ral  or 


at  baloa 
ndary  3 


RD-F1g.  No.  :\^ 


VERTICAL  SEPARATION  TABLES  FOR  TaEPNONE  UNDERBUILD 
ON  REA   ELECTRIC  POLE  LINES 

l.0AOIN« 

OISTHICT 

POWm    CONOUCYOR 

No.   6  HD  Copper 

Medium 

TtLCPNONC    CONOUCTOil 

*»•«   aveoBaaclaaar*  prasvot  ar  ploaaad.  «••  celvHi  "S«ooadarf ".      Ail 
fpa!7a*loBa   shewn  ar*  b«tv«*a   a*«tral   and    t«l«pkoa«  ceadvetora. 

•102  EHS  305S  Copperweld 

MINIMUM    SEPARATION    AT    POLE    BETWEEN    POWER    NEUTRAL    ANO    TELEPMOBE    COHDUCTOVa   rPo«^^ 

SPAN 
LENGTH 

330*     RULING     SPAN 

350' RULING     SPAN 

395IRULING    SPAN 

RULING    SPAN 

nvL 1 NC    SPAN 

FT. 

LOWER    POWER    COMO. 

LOWER    POWER    CONO. 

LOWER   POWER  CONO. 

LOWER    POWER    COND 

LOWER    POWER   CONO. 

MCUTKAL 

tCCONOAAT 

NCUTMAL 

StCONOAIIV 

HturnAL 

SCCOMOAHV 

NCuTHAt. 

SCCOMOAKY 

MCUTNAL 

SCCOMDARr 

200 

210 

220 

230 

240 

250 

n;??' 

.»JL.J1„ 

s.o» 

8.0' 

5.0' 

8.0' 

26.0 

.^JuQL, 

,     ..g.O' 

11 

II 

5.5' 

3.5' 

270 

If 

II 

II 

II 

II 

1 

£80 

i» 

it 

S.5' 

8.5' 

6.0' 

9.  J' 

290 

..,5^,V 

a.'^' 

It 

II 

It 

It 

300 

II 

It 

6.0» 

9.0' 

6.S' 

9.5' 

310             1*        }          II 

It 

It 

It 

II 

3^^_^.i^)'  ^ 

9.0' 

II 

II 

7.0' 

10.0' 

3?o             1. 

II 

6.'^' 

O     CI 

ti 

II 

340 

i> 

IS 

It 

II 

7.5' 

10.5' 

350    1 

pTjiJi. 

2^1J 

7.0' 

10.0' 

It 

II 

350"^ 

^^r^ 

If 

't 

« 

8.0' 

11.0' 

370    ^ 

l-Z^DL 

10.0  = 

T.*;' 

10.*;' 

II 

II 

380 

II 

II 

11 

II 

8.5» 

11.5' 

390 

Iji^Lj 

10.*;' 

8.0' 

11.0' 

9.0' 

12.0' 

400 

II 

11. 0» 

II 

ii.*;' 

II 

12.5' 

410 

^8.0' 

II 

8.^» 

12.0» 

9.5' 

13.0« 

420 

II 

11.  5 » 

II 

12.5' 

10.0' 

13.5' 

430 

1  _.B^iL^ 

12. 0» 

<?.0« 

13.0' 

11 

lA.O' 

440 

it 

12.5' 

9.5' 

II 

10.5' 

li..5» 

450 

II 

13.5» 

11.0' 

15.0' 

460 

10.0' 

1Z..0' 

It 

15.5' 

470 

11.5' 

16.0' 

480 

12.0' 

1^,'^' 

490 

i^-*;' 

I7.O' 

•SCO 

i?-n» 

17-'?' 

510 

1^-*?' 

IP-O' 

520 

530 

540 

'    ■ 

550 

560 

570 

580 

590 

600 

NOTES 

1  . 

40 

CO 

<•  u 

2. 

C 

•  • 

3. 

l: 

4. 

Al 

pe 

f* 

Th*  data  ahown  in  this  tabl*  r«fl*et  the  foileving  boaic  ainiaua  raqui raaan t a : 
-inch  ainiauM  aaparation  at  pola  batwvan  nautral  or  aacondary  and  higbaat  talaphona 
nductor.  (Tbaaa  tablaa  do  not  includa  any  conaidara t ion  of  ainiaua  aaparation  ra- 
iraaanta  «han  poaar  aquipaant  i«  aountad  on  poia  balov  tha  nautrol). 

•inch  ainiaua  aidapon  aaparation  batwaan  highaat  taiapbona  conductor  and  nautral  or 
condor  iaa  . 

na  of  aiqbt  rula  whan  aacondarioa  up  to  7S0  rolta  ara  involTod. 

1  aaparationa  ara  baaad  on  REA  pola  haad  con  f  igura  t  iona  ai  ..h  nautral  Z%    faat  baloa 
la  top  and  phaaa  airaa  occupying  a  poaition  at  top  of  pola  and  lowaat  aacondary  3 
at  baloa  nautral. 
ffn-F^g.  Nn.  ?L 
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VERTICAL  SEPARATION  TABLES  FOR  TELEPHONE  UNDERBUILD 

AM      ACA      ri   r^TBI^     bAI    C     1    IMP* 

LOAOINC 

OltTKICT 

POWCK    CONOUCTOa 

No.   6  HD  CoDPer 

wn    ntM    tktviitiv    rvkK    binca 

Medium 

TtLCPHONC    CONOUCTOR 

^•d   ••coadaciaa  ar«  pr*a*ot  or  ploaavd.  •••  celuaa  "Sacondary".      All 
•paratiOBS   •bown  ar»  b«t«*«o  neutral   and    talaphoa*  eonductora. 

.109  Grade  135  Steel 

NiaiMUN    SCPARATlOa    AT    POLE    tCTWCCN    POWER    NEUTRAL    AND    TELEPHONE    CONDUCTORS    (Vptr'A 

SPAN 
LENGTH 
FT. 

330'    RULING    SPAN 

350'''ULINC    SPAN 

3951   RUL ING    SPAN 

RULING    SPAN 

RULING     SF'N 

LOWER    POWER   COMO. 

LOWER    POWER    CONO. 

LOWER   POWER   CONO. 

LOWER    POWER    CONO. 

LOWER    POWER   CONO. 

NCUTRAL 

SICONOAMY 

NCUTMAL 

SCCONOAMV 

NCUTMAl. 

StCONOARV 

NCUTRAC 

SCCONOAMV 

MCUTKAL 

sccoNOAav 

200 

210 

220 

230 

240 

250 

Z..5' 

7.5» 

5.0' 

8.0' 

5.5' 

8.5' 

260 

5.0' 

8«0» 

II 

II 

II 

II 

270- 

II 

II 

II 

11 

II 

r. 

280 

It 

!f 

5.5' 

8.5' 

6.0' 

9.0- 

290 

5.5' 

8.5' 

II 

II 

II 

II 

300 

II 

II 

6.0' 

9.0» 

6.5' 

9.5' 

310 

II 

II 

li 

II 

11 

II 

320 

6.0' 

9.0' 

6.5' 

9.5' 

7.0' 

10.0« 

330 

II 

ti 

II 

II 

II 

II 

340 

6.5' 

9.5' 

7.0' 

10.0» 

7.5' 

10.5' 

i50 

II 

II 

II 

II 

8.0' 

11.0» 

360 

It 

10.0' 

7.5' 

10.5' 

II 

II 

370   '^ 

7.0' 

II 

II 

II 

8.5' 

11.51 

380 

II 

10.5' 

8.0' 

ll.Ot 

11 

II 

390 

7.5' 

11 

it 

II 

9.0' 

12.0» 

400 

8.0' 

U.O' 

8.5' 

11. 5« 

9.5' 

12.5' 

410 

II 

II 

II 

12  .0» 

II 

l?.Ot 

420 

8.5' 

11.5' 

9.0' 

12.5' 

10.0' 

13.5' 

450 

11 

12.0' 

II 

13.0' 

10.5' 

lA.O' 

440 

9.0' 

12.5' 

9.5' 

II 

II 

li..5' 

450 

10.0' 

13.5' 

11.0' 

15.0' 

460 

II 

U.O' 

11.5' 

15.5' 

470 

32.0' 

16.0' 

480 

II 

lA.'^i 

490 

32.5' 

17.0' 

500 

1-^.0' 

17.5' 

510 

13.5' 

18.0' 

520 

530 

540 

550 

560 

570 

580 

590 

600 

w^^' 


NOTES:        Tba    data 

1. 

40  -  Inch    ainiau 

conductor  .     (Th 

quir«a«nta    vha 

»  _ 

30- inch    Biniau 

■•condariaa. 

3. 

Lina    of    alght 

4. 

All    aaparation 

pola    top    and    p 

— 

f«*t    b*lo«    nau 

ahoan  in  thia  tabla  raflaet  tha  followinq  baalc  ainiaua  raqui raaan t • : 
a  aaparation  at  pola  bataaan  nautral  or  aacondary  and  bighaat  taiaphona 
aaa  tablaa  do  not  ineluda  any  conaidara tion  of  ainiaua  aaparation   ra- 
n  povar  aquipaant  i«  aountad  on  pola  baloa  tha  nautral). 
a  aidapan  aaparation  batwaan  highaat  talaphona  conductor  and  nautral  or 

rula  whan  aacondariaa  up  to  750  volta  ara  involTod. 

a  ara  baaad  on  REA  pola  haad  con  f  igura  t  iona  vith  nautral  3)i  faat  baloa 
haaa  alraa  occupying  a  peaitien  at  top  of  pola  and  ioaaat  aacondary  3 
tral . 


RTUP^g.  No.  ?5 


VERTICAL  SEPARATION  TABLES  FOR  TELEPHONE  UNDERBUILD 
ON  REA  ELECTRIC  POLE  LINES 


All 


•■    cvcoadlaciaa  or*  pr*a«at  or  plaaaad.  <ia*  coluao  "Svceadory". 

yrotioaa   aho— ora  bataaaa   oaatroA    opd    flaphona  coadwetora. | •■*.v/    wa  aw    ■*.7>-'    >^\^^^j:: 

WIRINUW    aCPARATIOt    AT    POLE    »ETWCEII    POWtt    RgUTRAL    AMD    TELEPMOME    C0M0UCT0R8    CFeet) 


^^SPAM     3301    RULING     SPAN 
fT.  LOWER    POWER   COMO. 


200 


210 


220 


250 


240 


250 


LOAOINC  OISTKICT 


Mediiim 


^OaiR  COMDUCTO* 

No.  6  HP  Copper 


TtLCPMONC    CONOUCTO* 

•109  Grade  190  Steel 


NCUTMAL 


260 


270 


280 


290 


300 


310 


320 


330 


340 


350 


360 


-i^ 


-5^ 


Ji^ 


II 


2J11 


tccoNOAav 


350''*ULIN6    SPAN 


395  t    RUL ING    SPAN 


LOWER    POWER    CONO. 


HCuTa«i. 


e,o' 


-S^ 


_2^ 


JImI. 


IQ.Q' 


SCCONOAHY 


LOWER   POWER  COWD. 


MIUTMAL 


-iiO 


S^ 


iuQ 


A^ 


2J1 


2j^ 


8.0 


AA 


JLQ 


-SaI 


JLQ^ 


OQ^ 


1x1 


AJl 


Jul 


JjLQ. 


J^ 


8.0 


.£*i 


ttCONOAHY 


1^ 


S^ 


-2^ 


10.0 


JLQ^ 


21^ 


HJi 


RULING    SPAN 


LOWER  POWER  CONO. 


N(UT*«L 


SECONOAMV 


RULING     SPAN 


LOWER  POWER  CONO. 


NCUTMAI. 


SCCONOAKY 


370 


JL^ 


10.5' 


1^ 


21^ 


380 


390 


e.o'   u.Q' 


400 


J8^ 


.i*o 


21m1 

II 


1j1 


12.0 


22^ 


# 


410 


.1^ 


U.g' 


3^ 


12.0 


IQ^ 


HjO 


420 


9.0' 


12.0' 


-2^ 


12^ 


10^ 


^hl 


450 


21^ 


1L.SL 


440 


S.SL 


12^ 


ICLQ 


JLlail 


Jiu5 


450 


13.0' 


2£L1 


JJLi 


H^ 


15.0 


460 


IQ.Q' 


11.5 


470 

480 


2JuQ. 


IkJ^ 


JLUQ 


1Q.5' 


\kA 


ja^ 


lixl 


.12x1 


J^^ 


n.*? 


15,Q 


490 


JLl^flJ 


1A.5' 


J2^ 


-15a5 


500 


15.0' 


JL^^a 


510 


J-UU 


15.5' 


JL2*5J 


16.5 


520 


IZJil 


.IL.QL 


530 


i:Sa5' 


16.5' 


540 


550 


560 


570 


580 


590 


600 


lOTCS:   Th«  data  shova  in  thia  tabic  r*fl*et  th«  follevia?  basic  ■iDiauw  r*quirka«n ta : 
1.  40-iBeb  ■iniaaa  ••paration  at  pel*  b*t***a  aautral  or  sacoadarr  aad  highest  tslsphoas 
eoadttcter.  (Thsss  tablss  do  aot  iacluds  aay  eoasidsratioa  of  ainiaua  ssparotioa  rs- 
quirsasnts  whan  povsr  squipasat  is  aouatsd  oa  pels  b«le«  th«  noutrai). 
.  30>iach  aioiaua  aidspan  ssparatiea  bstwaaa  highsst  tslsphea*  cooduetor  and  nsutral  or 
sacendar  ios . 

3.  Lias  of  siqiit  ruls  shsn  socondariss  up  to  750  volts  ars  inTolvod. 

4.  All  ssparations  or*  bassd  oa  RCA  pels  hsad  eoa f igura tioas  «ith  nsutral  i%    fsst  bslo* 
pels  top  aad  phass  sirss  oceupyiag  a  pesitiea  at  top  of  pels  aad  lowsst  sscoadary  3 
fset  bslo*  asutral. 

— RlUPIg.  Nn.  36 
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VERTICAL  SEPARATION  TABLES  FOR  TELErHONE  UNOERBUILO 
ON    RFA    ELECTRIC   POI  F   1  IHF< 

LOAOINfl 

OI«TaiCT 

PO«(M    CONOUCTOM 

No,  8A  Copperweld 

Medium 

TCLCPHONE    CONOUCTOn 

tk«»   ••coBdati«aar«  pr»s*Bt  or  plaoavd.  u««  coluaa  "S«eoadarr".      All 
••paratloB*   ahovB  or*  b»t«««B   nvwtral    aod    t«l*phoa«   conductor*. 

.080  HS  40?^  Copperweld 

NIRIMUN    SEPARATION    AT    POLE    RCTWEEH    POWER    lEUTRAL    AMD    TELEPNOHE    CONOUCTO 

Rs  (feet) 

ING     SPAN 

SPAN 
LENGTH 

rx. 

i!t65'    "UL  ING     SPAN 

SOO'^ULING     SPAN 

590>    ''Ul-  ING    SPAN 

RULING     SPAN 

RUL 

LOWER    POWER   COMO. 

LOWER    POWER    CONO. 

LOWER    POWER   CONO. 

LOWER    POWER    CONO. 

LOWER    POWER    CONO. 

NtUTMAL 

scconoAUT 

I«CUT**L 

SCCONOARV 

NtUTMAL 

SCCONOAUT 

NCUTHAl. 

SCCOHOARV 

NEUTRAL 

SeCONOARV 

200 

210 

220 

230 

240 

250 

3.S' 

6.5' 

3.5' 

6.5' 

3.5' 

6.5» 

260 

II 

M 

II 

II 

II 

It 

270 

II 

II 

II 

It 

II 

II 

280 

M 

II 

II 

It 

II 

ii 

290 

It 

II 

It 

It 

It 

II 

300 

II 

II 

II 

It 

II 

II 

3io 

II 

M 

It 

It 

II 

It 

520 

1. 

II 

II 

II 

II 

It 

330 

11 

II 

It 

It 

II 

It 

340 

11 

tt 

It 

II 

II 

II 

350 

II 

" 

It 

II 

II 

II 

360 

II 

II 

ii 

II 

:i 

It 

370 

II 

II 

It 

II 

•1 

II 

380 

It 

II 

If 

II 

II 

II 

390 

n 

It 

II 

II 

II 

II 

400 

II 

II 

ti 

II 

II 

II 

410 

It 

It 

It 

II 

II 

It 

420 

II 

It 

II 

ti 

II 

7.0« 

450 

440 

450 

460 

470 

480 

490 

500 

510 

520 

530 

540 

550 

560 

570 



580 

590 

600 

) 


NOTES: 

1. 

40-i 

cond 

qui  r 

2. 

30-i 

■  •CO 

3. 

Line 

4. 

All 

pole 

f«*t 

Tbo  data  ahovn  i  it  this  tabl*  rcflact  th«  follovinq  basic  aiDiaua  r  oqu  i  r  eaoD  t  s  : 
Dch  ■iniaua  soparation  at  pols  b*t«s*n  nsutral  or  sscondary  and  highest  talephon* 
uctor.  (Thosa  tables  do  not  includo  any  consideration  of  einiauB  separatii 
•aents  ehen  power  equipaent  is  aounted  on  pole  below  the  neutral) 
Dch  ainiauB  aidspan  separation  bet 
ndar  i  as  . 


L  on   r • - 


ween  highest  telephone  conductor  and  neutral  or 

of  sight  rule  when  secondaries  up  to  750  volts  are  inTolved. 
separations  are  based  on  REA  pole  head  configurations  with  neutral  3!^  feet  below 
top  and  phase  wires  occupying  a  position  at  top  of  pole  and  lowest  secondary  3 


below  neutral 


RD-Flg„  No.  37 


B8^n 


wamm 


BBJB 


VERTICAL  SEPARATION  TABLES  FOR  TELEPHONE  UNDERBUILD 
ON  REA  ELECTRIC  POLE  LINES 


\«B   ■•coadoclaa  or*  praaaat  or  plcuaad.  aaa  colva*  "S*e»a4ary".      All 
tpqrotioaa    aho»n  ara  batwaaa   aantral   amd    talaphoaa  eoadactora. 


SPAN     /.65*  RULING    SPAN 
LENGTH    "=^i 


FT. 


200 


210 


220 


230 


240 


250 


260 


270 


260 


290 


?0C 


'Oaill    CONDUCTOM 

No.  8A  Copperweld 


TCLCrMONC    CONDUCTOII 

.102  EHS  30^  Copperweld 


HIMIMUM    SEPARATION    AT    POLE    BCTWEER    POWEN    NCUTRAL    AND    TELEPMOME    COMDUCTQ»>    /Po^f  ^ 
■  11    I  uc    cDAu      C/VM  Bill   I  u<>     «Biu        rr\r\ iBm    i^/*    ••>...    I  m. - . ■  ^' *  » " » y 


LOVER    POWER   COMO. 


NIUTRAL 


JLl 


sccoNOAar 


Ji*l 


310 


320 


330 


340 


350 


360 


500<  RULING    SPAN 


LOWER    POWER   CONO. 


NCUTMAL 


1^ 


370 


380 


■ccoNOAar 


^^ 


590IRULING    SPAN 


LOWER   POWER  CONO. 


NtUTRAL 


t(CONO*ar 


RULING    SPAN 


RULING     SPAN 


LOWER    POWER    CONO . 


NEUTIIAL 


Jl^ 


i^ 


LOWER  POWER  CONO. 


SCCOMOAMV 


WCUTWAt 


3tco»tq*av 


390 


400 


# 


410 


420 


450 


440 


1^ 


7.0' 


450 


460 


470 


2^ 


1^ 


-.  It 


1^ 


8.0' 


480 


490 


7.5' 


500 


^nt 


ft. 5' 


_a*Ql 


530 


540 


.a^ 


.a^ 


.8^ 


550 


3uSil 


Rj^ 


560 


570 


_9^ 


lO.Q' 


580 


3.^ 


590 


-2^ 


X-JQJ 


1Q.5' 


600 


■OTES:   Tha  data 

1. 

4  0  -  iocb  ■ i  B  i  nu 

conductor .   (Th 

qulraaanta  aha 

)  _ 

30-inch  ainiau 

■  acondar  iaa . 

3. 

Llna  of  aiqkt 

4. 

All  aaparation 

pola  top  and  p 

faat  balow  n«u 

ahovn  in  thia  tabla  raflact  tha  follovinq  baaic  BiDiBUB  raqui raaan t a  : 

■  aaparation  at  pola  bataaan  nautral  or  aacondary  and  highaat  talaphona 
••a  tablaa  do  not  includa  any  conaidara t ion  of  Biniaua  aaparation  ra- 

n  povar  aquipaant  1*  aountad  on  pola  balow  tha  nautral). 

■  aidapan  aaparation  bataaan  hiqbaat  talaphona  conductor  and  nautral  or 

rula  whan  aacondariaa  up  to  7S0  Tolta  ura  inTolvad. 

a  ara  baaad  on  REA  pola  haad  con  f  iqura  t  iona  aith  nautral  3)^  faat  balov 
haaa  airaa  occupyinq  a  poaition  at  top  of  pola  and  loaaat  aacondary  3 
t  ral  . 


# 


RD-Fii^,  No.  36 
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VEITICAL  SEPARATION  TABLES  FOR  TELEPHONE  UNOER8UIL0 
ON  REA  ELECTRIC  POLE  LINES 

LOAOINC   OISTKICT 

P^OVCK    CONOUCTOM 

No.   8A  Copperweld 

Medium 

TCLCPHONC    CONOUCTOM 

-VfeM   ■•ea«4ail*a  arm  praaaat  or  planB»d.  •••  coluM  "S'^conaary".      All 
-•paratioa*   ■ho>»  or*  b«tw«M  naatrai   a«d    talaphea*  coadactora. 

.109  Gr 

ade  aj5  StMl 
CONDUCTORS   (Feet^ 

MIIINUN    SEPARATlOa    AT    POLE    ICTWCEi    POWER    NEUTRAL    AMD    TELEPHONE 

SPAN 
LCNCTH 

U65^    RUL IN6    SPAN 

500'»»ULING    SPAN 

5901    RUL ING    SPAN 

RULING     SPAN 

RULING     SPAN 

FT. 

LOWCR    POWER   COMO. 

LOWER   POWER   COW. 

LOWER    POWER   CONO. 

LOWER    POWER    COND. 

LOWER    POWER    COND. 

HCUTMAL 

scconOAav 

NCUTMAL 

SeCONOANY 

MCUTMAL 

SCCONOAHT 

NtUTHAL 

SCCONOAITY 

NEUTRAL 

SECONDARY 

200 

210 

220 

230 

240 

250 

_^,5» 

6.i' 

3.5' 

6.5» 

3.5' 

6.5» 

260 

tf 

?i 

It 

It 

It 

II 

270 

It 

II 

It 

It 

II 

280 

II 

It 

It 

It 

It 

II 

290 

It 

It 

It 

It 

It 

II 

300 

II 

II 

II 

It 

It 

It 

310 

It 

II 

II 

II 

II 

II 

320 

" 

II 

li 

II 

It 

It 

330 

It 

II 

II 

It 

II 

It 

340 

li 

It 

II 

It 

" 

It 

350 

It 

II 

It 

It 

It 

It 

360 

If 

II 

!l 

II 

It 

It 

370 

11 

»i 

II 

II 

It 

II 

380 

II 

II 

II 

It 

It 

It 

390 

II 

II 

II 

It 

It 

It 

400 

II 

II 

" 

It 

It 

II 

410 

It 

It 

It 

It 

II 

It 

.    420 

It 

II 

II 

II 

It 

7.0' 

450 

It 

It 

II 

II 

It 

It 

440 

It 

ri 

It 

7.0' 

II 

II 

450 

It 

7.0' 

II 

It 

It 

7.S' 

460 

II 

11 

II 

II 

11 

II 

470 

II 

II 

It 

7. 'it 

It 

8.0' 

480 

II 

7.s» 

II 

It 

It 

It 

490 

It 

jj 

II 

II 

It 

II 

500 

II 

II 

II 

8.0' 

It 

8.S' 

510 

II 

8.0» 

It 

It 

/..O' 

II 

520 

II 

II 

It 

It 

It 

9.0' 

530 

II 

It 

(1 

S.Si 

It 

It 

540 

II 

8.5' 

II 

It 

It 

II 

550 

It 

II 

It 

9.0' 

It 

9.5' 

560 

II 

9.0' 

II 

II 

II 

II 

570 

It 

It 

II 

II 

It 

10.0' 

580 

II 

II 

II 

9.S» 

A.?» 

It 

590 

It 

9.5' 

II 

It 

II 

10.5' 

600 

NOTES:   Th*  dataabow 

1.  40-iBeh  BinisuB  a* 
ceadaetor.  (Th*«« 
quir«B«iita  «h«B  po 

2.  30-inch  bIhIbub  ai 
a*condar !•• . 

3.  Lin*  of  aiqht  rul* 

4.  All  ■•parations  or 
pol*  top  and  phaa* 
f««t  b«la«  B«utral 


n  in  thia  tabl*  r«fl«ct  th*  felleviBg  basic  aiaiaua  r»quir*B*n t« : 
paratien  at  pel*  b*t«««a  UButral  or  ■•coadary  and  hiqh*at  t«l«phoBB 
tabl*a  do  not  iaelud*  aaf  conaidoratiea  of  ainiaua  soparation  ro- 
««r  oquipaoat  i*  aouatod  on  polo  bolow  tho  noutral). 
dapaa  aoparation  botwoon  higboat  tolopbono  conductor  and  noutral  or 

whoa  ••eendarios  up  to  7S0  volta  aro  involTod. 
•  baaod  on  REA  polo  hood  con f igura tioaa  with  noutral  3^  f««t  bolow 
■iroa  occupying  a  position  at  top  of  pols  and  lovost  aocondary  3 

- RD-Fig,  Nq,  39 


VERTICAL  SEPARATION  TABLES  FOR  TELEPHONE  UNDERBUILD 
ON  REA  ELECTRIC  POLE  LINES 


^•«   ■•coodarlaa  or*  pr*«*ot  or  plao»*d.  u««  eoluBo  "Svcondary".      All 
««poratiOB«   ■ho»B  ar»  b»t  wo   B«utTqi   and    fiophopa   eocduceof. 


SPAN 
LENGTH 
FT. 


200 


210 


220 


230 


240 


250 


260 


270 


260 


290 


300 


JIO 


320 


530 


340 


350 


360 


370 


3dO 


J^9Q_ 


400 


LOAD  INS   DISTRICT 


Medivua 


^OWtll    CONOUCTOR 

No.  SA  CoPDerweld 


TCLCPHONE  CONOUCTOR 

.109  Grade  I90  Steel 


NimWUW    StPARATlOii     AT    POLE    lETWEEll    POWER    NEUTtAL    AMD    TELEPHONE    CONDUCTOtS    rPPA^.^ 
Ill    1  ki  /;    c  D  A  ki      C  /"i/^  I   Bill   iki/r     eBkij        f^r\r\  lam    ■  ^i  /•    «••...    I  ■« . . .    .  .. ;. .  ..     i  "     '     "~~* 


i^SS'l^ULING     SPAN 


LOWER    POWER   COtlO. 


NIUTRAL 


JUII 


SICONOART 


1*1 


500'   RULING     SPAN 


LOVER    POWER   CONO. 


NCUTRAl. 


JLlH. 


8IC0N0ARV 


±a^ 


59QtRuLING    SPAN 


LOWER   POWER   CONO. 


NtUTRAL 


Jb^ 


SICONOART 


JtaOJ 


JLL 


RULING    SPAN 


LOWER    POWER    COND. 


NCUTRAL 


SECONDARY 


RULiNG     SPAN 
LOWER    POWER   CONO. 


• 


NCUTRAL 


SeCONOARV 


• 


410 


420 


430 


440 


450 


1^ 


2j£il 


2jS^ 


2.m51 


460 


470 


480 


490 


500 


_L*^ 


2^ 


^aj 


2^ 


jU5J 


.a*flj 


^j51 


510 


520 


530 


540 


550 


_s^ 


-4.0'  ... 


2LmQ1 


^.5' 


II 


iLOJ 


.5^ 


.2^ 


560 


570 


580 


530 


600 


.SJl! 


A.1 


10. Q' 


.5^ 


-S^ 


10.5' 


ROTES 

1.     40 

CO 

qu 
2  .     30 


■  • 
Li 
Ai 
po 
f* 


Th«  dot 
-ioch  aini 
oduc t or  .  ( 
ir«M«nta  • 
-inch  alDi 
condari** . 
n*  of  Righ 
1  R*par a  t  i 
!•  top  and 
•t  b«io*  a 


a  •ho«D  la  this  tabl*  rafioct  th«  foiiovinq  baaic  ■iniaua  r aqu i r aaan t a : 
■ua  aaparatioB  at  pola  batwaaa  aautral  or  aaeoadary  and  hiqbaat  talaphon* 
Thaaa  labia*  do  not  inciuda  any  cona idara t ion  -of  Biniaua  aaparation  ra- 
hao  povar  aquipaant  i«  aountad  on  poia  baloa  tha  nautrai). 
aua  aidapan  aapurotion  batwaan  highaat  talaphona  conductor  and  nautrai  or 

t  ruia  ahan  aacoodariaa  up  to  750  rolta  ara  invoivad. 

ona  ara  baaad  on  RCA  pola  haad  con  f  iqura  t  iona  aith  aautral  2\i    faat  baio* 

phaaa  airaa  occupyioq  a  poaition  at  top  of  pola  and  ioaaat  aacoadary  3 
au  t  rai  . 


• 
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VERTICAL  SEPARATION  TABLES  FOR  TELEFHOiE  UNDERBUILD 
ON   REA    ELECmC   MLF  imrv 

LOAOIM 

OltTHtCT 

POHM    CONOUCTOR 

No.  4  7/1  ACSR 

Light 

TILEPHONC    CONOUCTOII 

Vh««   ■•ce«4arl«sar*pr*SMt  or  ploaaad.  •■•e*l«Ba  '*S*«oadary".      All 
•«paratioBS   abovM  ar«  b«tv*«a  neutral   asd    t«l*plioa«  cendneters. 

•080  LP^  HS  Copperweld 

MINIMUM    SEPARATlOi    AT    POLE    BCTWCEN    POWER    lEUTRAL    AMD    TCLCPMOBK    COMOUCTOBS    f"Fe*.+  > 

SPAN 
LEN6TX 
FT. 

it95'''ULIN6    SPAN 

650'  RULINC    SPAN 

RUL IN6    SPAN  . 

RULING    SPAN 

RULING     SPAN 

LOWER   POWER   COMO. 

LOWER   POWER   CONO. 

LOWER   POWER  CONO. 

LOWER    POWER    CONO. 

LOWER   POWER   CONO. 

MIUTRAL 

StCONDAHV 

NIUTMAL 

•  ICONOAIIV 

NCUTKAL 

tCCOMOAKV 

NEUTRAL 

SCCONOARV 

MCUTRAL 

SCCONOAItr 

200 

210 

220 

230 

240 

250 

260 

210 

280 

290 

300 

?.«;• 

6.S« 

3.?' 

6.S» 

310 

n 

It 

II 

ft 

320 

II 

It 

II 

It 

330 

If 

n 

it 

It 

340 

It 

II 

It 

It 

350 

It 

II 

It 

n 

360 

It 

It 

It 

It 

370 

>i 

It 

It 

It 

380 

It 

II 

It 

II 

390 

II 

II 

II 

It 

400 

II 

It 

II 

It 

410 

II 

II 

II 

» 

420 

II 

II 

II 

It 

450 

II 

It 

II 

II 

440 

II 

n 

It 

It 

450 

It 

7.0» 

It 

II 

460 

It 

II 

It 

7.nt 

470 

II 

II 

II 

II 

480 

" 

It 

II 

It 

490 

It 

y.s" 

11 

7-'5» 

500 

It 

It 

II 

It 

510 

520 

530 

540 

550 

560 

570 

580 

590 

600 

NOTES:   The  data  ahovn  in  this  tabl*  r«fl*ct  the  folloainq  basic  ainiaua  r aqu i r*B«n t a : 

1.  40-iiich  ainiaua  ■•paration  at  poi*  b*t«*«n  nautral  or  ••condory  and  bighast  telephone 
condactor.  (These  tables  do  not  include  any    consideration  of  ainiaua  separation  re- 
quireaents  «hen  pover  equipaent  is  aounted  on  pole  below  the  neutral). 

2.  30-inch  ainiaua  aidspan  separation  between  highest  telephone  conductor  and  neutral  or 
r-'condar  i  es  . 

J.lLiVne  of  siqht  rule  when  secondaries  up  to  7S0  volts  ore  involTod. 

4.  All  separations  are  based  on  RCA  pole  head  con fiqurat ions  with  neutral  3^  foot  below 

pole  top  and  phase  wires  occupying  a  position  at  top  of  pole  and  lowest  secondary  3 

foet  below  neutral. 


pi:. 
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VERTICAL  SEPARATION  TARLES  FOR  TELEPHONE  UNOERRUILO 
--.                                 ON  REA  ELECTRIC  POLE  LINES 

LOAOIM*   OltTKICT 

Ught 

^OWtH    CONOUCTOa 

No.   L  7/1  ACSR 

TCLCPNONI    CONDUCTOR 

!•■   ■•eeodciti**  ar*  pr*a«at  or  plaaa»d.  u«»  eeluaa  "Saceadarf".      All 
•aparatleaa   abeait  ara  bataaaa   aautral   oad    talaphoaa  eoaduetora. 

.102  EHS 

305?  Copperweld 
COHOUCTORS  (Feet)    -^^ 

NiaiNUM    SCPARATlOa    AT    POLE    lETWCEN    POWER    lEUTRAL    AND    TELEPNOHE 

SPAN 
LENGTH 
FT. 

^95»    RUL ING    SPAN 

650"»ULING     SPAN 

RULING    SPAN 

RULING    SPAN 

Ruling   span      y^^ 

LOWER    POWER   COUO. 

LOWER    POWER   CONO. 

LOWER    POWER   CONO. 

LOWER    POWER    CONO. 

LOWER    POWER    CONO. 

NCUTMAL 

SCCONOAMY 

NCUTMAL 

SCCONOAKV 

NCUTRAL 

SCCONOABY 

NCUTKAL 

SECONOARY 

NCUTMAL 

SCCONOART 

200 

210 

220 

230 

240 

250 

260 

270 

' 

280 

290 

300 

3.5' 

6.5- 

3.5» 

6.5' 

310 

II 

II 

It 

II 

320 

II 

II 

II 

II 

330 

II 

II 

It 

It 

340 

II 

II 

II 

It 

350 

II 

II 

II 

It 

360 

II 

II 

•1 

It 

370 

II 

It 

It 

It 

380 

II 

II 

II 

It 

390 

II 

II 

It 

II 

400 

11 

II 

II 

It 

410 

II 

II 

It 

II 

^ 

420 

II 

I— 
II 

It 

It 

m 

430 

II 

II 

It 

II 

440 

II 

II 

It 

It 

450 

II 

7.0» 

It 

It 

460 

II 

II 

II 

7.0' 

470 

•• 

II 

It 

11 

480 

II 

II 

II 

It 

490 

1. 

l.V 

II 

7.5» 

500 

II 

II 

It 

It 

. 

510 

II 

8.0' 

It 

II 

520 

II 

II 

It 

8.0» 

530 

II 

II 

II 

It 

540 

II 

8.5' 

II 

II 

550 

II 

It 

It 

8.^» 

560 

II 

9.0' 

It 

It 

570 

II 

II 

It 

9-0' 

580 

11 

II 

II 

II 

590 

II 

Q.S' 

11 

11 

600 

II 

It 

It 

10.0' 

ROTES:   Tha  data  ahoan  in  this  tabla  rafiact  tha  folloving  baaic  Binimua  raquiraaenta 

1.  40-lnch  ainiBua  aaparotioa  at  poia  bataaan  nautral  or  aacondary  and  bigbeat  talapnona 
conductor.  (Thaaa  tablaa  do  not  includa  any  con  a idara t ion  of  ■ininua  saparation  r«- 
quiraaanta  whan  poaar  aquipaant  is  Mountad  on  poia  balow  tba  nautral). 

2.  30-inch  ainiauB  aidapan  aaparation  batvaan  highaat  talapbona  conductor  and  nautral  or 
sacondar iaa . 

.  Llna  of  aiqht  rula  ahan  aacondariaa  up  to  7S0  velta  ara . inrol vad . 
4.  All  aaparationa  ara  baaad  on  RCA  poia  haad  configurations  nith  nautral  3)4  faat  b«lo* 
poia  top  and  phosa  airaa  occupying  a  poaitioc  at  top  of  poia  and  lovast  aacondary  3 
faat  balo*  nautral. 

RD-Fi^.  No.  L2 


^ 


I 


VERTICAL  SEPARATION  TABLES  FOR  TaEPNONE  UNDERBUILD 
ON  REA  ELECTRIC  POLE  LINES 


\m   ■•eeB4arl«aar«pr*s*Dt  or  plaa»«4.  •••eelH^  "Svceadary".      Ail 
iperutlw  oho— flr«  b«f  •D  a«Mtrol  —d   fi«pKom«  eoad«ctor«.  |  |     »j.v/7    v^x  <3mc    xj^    tjoecx 

WmWUM    8EPARATI0II    AT    POLC    BCTWggB    PQWCR    BtUTML    AMD    TELEPMOIIC    COWOUCTOtS    CPfif^ 


SPAN     \^K\    RULING    SPAN 
LENGTH    f^^^ 


FT. 


200 


210 


220 


230 


240 


250 


260 


270 


280 


290 


300 


310 


320 


330 


340 


350 


360 


370 


380 


590 

400 


410 


420 
430 


440 


450 


460 


470 


480 


490 
500 


510 


520 


530 


540 


550 
560" 


570 


580 


590 


600 


LOAOIN*  OltTHICT 


U^t 


POWIII    CONOgCTOII 

No.  4  7/1  ACSR 


TELCPHONC    CONOUCTOII 

.109  Grade  135  Steel 


LOWER  POWER   COMO. 


NCUTML 


JLl. 


flCCONO*«Y 


^lS. 


650'''m-tNG    SPAN 


LOWER   POWER   COHO. 


NCUTKAL 


SCCONOAav 


JL^ 


JL^QJ 


X^ 


iLjQJ 


.3^ 


jiii. 


2^ 


0^51 


.5^01 


-S-^ 


RULING    SPAN 


LOWER  POWER  CONO. 


NCUTRAL 


•cconoahv 


RULING    SPAN 


LOWER  POWER  CONO. 


NCUTMAL 


SCCONOAMr 


MOTES: 

1. 

40-i 

cond 

qui  r 

■* 

30-i 

a  aco 

3. 

Lin* 

4. 

AH 

pol* 

f««c 

Th«  data  shovn  in  this  tabic  reflect  tk«  following  basic 
ach  ■iniaua  aoparation  at  polo  botvoon  noutral  or  aoeondor 
uctor.  (Tho««  tabloa  do  not  includ*  any  conaidora t ion  of  ■ 
•■•nta  when  powar  aquipaont  is  sountod  on  polo  bolow  th*  n 
och  siniauB  oidapan  saparotion  botvoon  highoat  tolophon*  c 
nda  r  i  aa  . 

of  aiqht  rul*  ahan  aacondarioa  up  to  7S0  volts  ar*  involtr 
•oparationa  are  baaed  on  REA  pole  head  con f iqura t iena  eith 

top  and  phaae  vires  occupying  a  position  at  top  of  pole  a 


RULING     SPAN 


LOWER   POWER   COND. 


NCUTNAL 


SECOMSASr 


■  in  !■ 
y  and 
iniau 
eu  t  r  a 
endue 

ed. 

neu  t 
nd  lo 


ua  r equ i  r 

bigbes  t 
a  separat 
1)  . 
tor  and  n 


ral  3X  fe 
ves  t  aeco 


belov  neutral . 


eaen  t a : 
telephone 
ion   r e - 

eutral  or 


e  t  belov 
ndary  3 


Rn-Fig.  Nn.  43 


VERTICAL  SEPARATION  TABLES  FOR  TELEPNONE  UNDERBUILD 
ON   REA   ELECTRIC   MLF  LIHFS 

LOAD  1 NO 

OltTmCT 

POWCII    CONOUCTOR 

No.  6A  CoDZiervreld 

Ught 

TCLCPHONC    CONOUCTOK 

fli^B   ■•eoBdoriva  ar«  pr««*Bt  or  piana«d.  «••  eeluBA  **5«oeB4ory*'.      Ail 
••porotloss  shevB  ore  b«t«*#a  netttrai  oad   t«l«phoB«  eottdueters. 

.080  HS  L0%  Copperweld 

MINIMUM    8IPANATI0N    AT    POLE    BCTWEEN    POWEt    NEUTRAL    AND    TCLEPMOIIE    COiOUCTOBS    (Vt^^^A 

SPAN 
LENGTH 
FT. 

1^11  RULING    SPANS 

RULING    SPAN 

RULING    SPAN 

RULING    SPAN 

RULING    SPAN 

LOWER    POWER   COMO. 

LOWER   POWER   CONO. 

LOWER   POWER  CONO. 

LOWER    POWER   CONO. 

LOWER   POWER   CONO. 

NCUTIIAL 

SICOnOAMY 

NCUTIIAL 

SCCOMOADY 

NCUTIIAL 

SCCONOAMV 

NCUTMAL 

SCCONOANV 

NCUTMAL 

SCCONDAMV 

200 

210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

3.5' 

6.S» 

310 

II 

II 

320 

ti 

II 

530 

11 

II 

340 

tt 

u 

350 

II 

II 

360 

It 

" 

370 

II 

II 

380 

It 

It 

390 

If 

II 

400 

II 

II 

410 

II 

•1 

420 

It 

II 

430 

II 

7.0» 

440 

II 

II 

450 

II 

It 

460 

470 

480 

490 

500 

510 

520 

530 

540 

550 

560 

570 

580 

590 

600 

m 


NOTES:   Th«  data  •hows  in  this  tabl*  reflect  th*  folloving  boaic  ■iniaua  r*qui r*a«n t a : 

1.  40-inch  aininua  aaparation  at  pola  batwaan  nautrol  or  saeondary  and  highaat  talaphona 
conductor.  (Thasa  tablaa  do  not  includa  any  conaidaration  of  ■iniaua  saparation  ra- 
quiraaanta  whan  poaar  aquipnant  ia  nountad  on  poia  balow  tha  nautral). 

2.  30-inch  aininuiB  aidspan  aaparation  batwaan  highaat  talaphona  conductor  and  nautral  or 
sacondar iaa . 

3.  Lina  of  sight  rula  whan  aacondorias  up  to  7S0  volta  ara  involrad . 

4.  All  aaparatiena  ara  baaad  on  RCA  pola  haad  configurations  with  nautral  3*^    faat  balov 
pola  top  and  phasa  airas  occupying  a  position  at  top  of  pola  and  loaast  secondary  3 
faat  balov  nautral. 

RTV-Fig.  No.  Ut 


d^ 


• 
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VERTICAL  SEfARATION  TABLES  FOR  TELEPMME  UNOERBUILO 
ON  REA  ELECTRIC  POLE  LINES 


200 


210 


220 


230 


240 


250 


260 


270 


280 


290 


300 


310 


320 


330 


340 


350 


360 
"370" 


380 


390 


400 


410 


420 


450 


440 


450 


460 


470 


480 


490 


5OQ 


510 


520 


530 


540 


550 


560 


570 
580 


590 


600 


LOAOIHS   OltmiCT 


U^ 


PO«CR  CONOUCrOK 


No.  6a  Coppervreld 


TtLCPMONC  CONOUCTOR 

.aporatioaa   ahewi  ora  bataaaa  oa«troi   aad   talaphaaa  eeoifaictora.  I  I     •-'■"^    ^^^    -^^^    OOppgrvrexa 

"       MIBIWUW  8EPARATI0W  AT  POLE  tCTWClN  POWER  RCMTRAL  AMD  TtLtPHOWE  C0M0UCT0B8  (Feet) 

SPAN 
LENGTH 
FT. 


All    RUL ING    SPANS 


LOWER    POWER   COMO. 


NCUTIIAL 


Jl^ 


SCCONOAMV 


Am51 


RULING    SPAN 


LOWER   POWER   CONO. 


NCUTMAL 


7.0' 


7.5' 


A^ 


A^ 


1^ 


1^ 


10. Q' 


SCCONOAMY 


RULING    SPAN 


LOWER   POWER  CONO. 


NCUTRAL 


SCCONOAMV 


RULING    SPAN 


LOWER    POWER    CONO. 


NCUTMAL 


SCCONOARV 


RULING     SPAN 


LOWER   POWER   CONO. 


NEUTRAL 


SECONBARY 


MOTES:   Tha  aata  ahoan  in  thia  tabla  r«fl*et  th*  following  ba.ic  .iniBU.  raqui ra.an t • : 

1.  40-inch  ainiauM  aaparation  at  pol»  batwa«n  nautral  or  ••eondary  and  highaat  talaphona 
conductor.  (Thaaa  tablaa  do  not  includ*  «oy  conaidaration  of  ainiaua  ••paration  ra- 
quiraaanta  ahan  powar  aquipaant  1«  aountad  on  pola  baloa  tha  nautral). 

2.  30-inch  ainiaua  aidapan  aaparation  batwaao  hiqhaat  talaphona  conductor  and  nautral  or 
aacondar  i  aa . 

).  Lina  of  aiqht  ruia  whan  aacondariaa  up  to  750  volts  ara  involvad. 

4.  All  saparationa  ara  basad  on  BEA  pola  haad  con f iqura t iona  aith  nautral  35i  f««t  baloa 
pola  top  ond  phasa  airaa  occupying  a  position  at  top  of  pola  and  lowast  aacondary  3 
f.at  b.lo.  nautral.        PH-TT^  g  .  Wo.  k'^ 


W--: 


M 


VERTICAL  SEPARATIOM  TABLES  FOR  TELEPHOiE  UNDERMILO 
ON   RCA    ELECTRIC  POl  F   MMr<l 

L0A0IN4    OISTMICT 

^OVCII    CONOUCTOM 

No.  6A  Copperweld 

Ught 

TtLC^MONI    CONOUCTOH 

at 

eondari**  ar*  pr«s*Bt  or  plaiuiad.  us*  column   "Svcoodary".      Ail 
Loaa    ahovB  or*  b*t«**D    ovutral    and    talaphoo*   conductors 

.109  Grade  135  Steel 

MlilNUM    SEPAtATlOB     AT    POLE    lETWEEM    POWER    KEUTRAL    AMD    TEiFPUftiiF    rnnniirTn**    C  Po«f  ^ 

SPAN 
LENGTH 

All  RUL ING     SPANS 

RULING     SPAN 

RULING    SPAN 

RULING    SPAN 

RUL 1 NG     SPAN 

FT. 

LOWER    POWER    COUO. 

LOWER    POWER    CONG. 

LOWER    POWER   CONO. 

LOWER    POWER    COND. 

LOWER    POWER    CONO. 

NtUTKAL 

scconOAST 

NCUTRAC 

SCCOMOAHY 

MCUT««L 

SCCOMOAMV 

NCUTHAL 

^^ — 

SICONOAMY 

NCUTBAL 

SCCOMOARr 

200 

210 

220 

230 

1 

240 

250 

1 

260 

1 

'   270 

280 

i 

290 

j 

300 

3.5' 1     6.5» 

310 

II 

" 

320 

II 

1           II 

1 ■ 

330 

II      I       II 

340 

II      1       ti 

1 

350 

II      j       II 

360 

II             II 

370 

U            1               II 

380 

tl 

II 

390 

If 

II 

'\ 

;i 

It 

II 

If 

■x^-O 

II 

It 

430 

II 

7.0« 

440 

II 

It 

450 

II 

II 

460 

11 

7.5' 

470 

11 

II 

480 

M 

«.0' 

490 

If 

t! 

500 

•  1 

II 

510 

II 

3.5' 

520 

tl 

II 

530 

II 

Q-n» 

540 

II 

II 

550 

tl 

II 

560 

II 

q.s' 

570 

II 

II 

sao 

4-0' 

10. o» 

590 

tl 

II 

600 

aOTES:   Th«  data  shown  in  this  tabl*  reflect  th«  following  basic  niniaun  r wqu i r •■•n t • : 

1.  40-inch  aioiaua  swparation  at  pol*  bwtwwwn  nwutral  or  ■•condary  and  highsst  twlwphonw 
conductor.   tTh«s«  tablwa  do  not  include  any  con • id* r a t ion  of  BiniauB  aBparation   re- 
quirwnonts  when  power  equipoent  i«  aounted  on  pole  below  the  neutral). 

2.  30-iach  ainioua  aidspan  separation  between  highest  telephone  conductor  and  neutral  or 
econd  ar  i  *s . 


econd  ar  i  *s . 
ne  of  sight  rule  when  secondaries  up  to  750  volts 


11  separations  are  based  on  REA  pole  head  configurations  ...„  .<.>>.>.  -^  .,->  _ 

a  position  at  top  of  pole  and  lowest  secondary  3 


pole  top  and  phase  wires  occupying 
f««t  below  neutral. 


are  involTed. 

with  neutral  2%    feet  below 


# 


BTUF^g,  Mn.  Lf, 


■■:■■;%;:>>,  ::x>^ 


) 


% 


•» 


VERTICAL  SEPARATION  TABLES  FOR  TELEPHONE  UNOERBUILO 

AM     BCA     CI  CrTVir    PAI  C    1  IMC* 

LOAD  INC 

OISTRICT 

POVCR    CONOUCTOM 

No.   6  HD  Copper 

UN    KCA    CLKvlKlb    rvLC    LIRcS 

Li^t 

TILCPNONC    CONOUCTOM 

«   ■•coBdacl«s  ar*  pr*a«at  or  plaaa*^.  US*  celuBB  "S*coQdary  ".      All 
aratioaa   abovii  or*  b«t«**a  nautral   and    t«l*pkoa*  eonductora. 

.080  HS  40^  Copperweld 

NININUN    SCPAtATIOii    AT    POLE    lETWEEH    POWER    NEUTRAL    AND    TELEPMOllE    COIIDUCTORS    (Vt^.f^f.) 

SPAN 

AH  RULING    SPANS 

RULING    SPAN 

RULING    SPAN 

RULING    SPAN 

RULING    SPAN 

LENGTH 
FT. 

LOWER    POWER   COUO. 

LOWER   POWER   CONO. 

LOWER    POWER   CONO. 

LOWER   POWER    CONO. 

LOWER   POWER   CONO. 

NCUTRAL 

•CCONOAMY 

NCUTMAL 

tCCONOAMV 

NtUTMAL 

SCCONOAMV 

NCUTMAL 

SECONOAHV 

NCUTMAL 

SECONDARY 

200 

210 

220 

230 

240 

250 

260 

•270 

280 

290 

300 

U.O' 

7.0' 

310 

II 

II 

320 

II 

II 

330 

It 

II 

340 

It 

II 

350 

It 

It 

360 

It 

It 

370 

11 

7-'5» 

380 

/l.5» 

II 

390 

II 

8.0« 

,00 

It 

II 

410 

II 

8.5' 

420 

II 

II 

430 

It 

9.0' 

440 

" 

II 

450 

5.0' 

9.5' 

460 

470 

480 

490 

500 

510 

520 

530 

540 

550 

560 

570 

500 

590 

600 

lOTES:   Th*  data  ahown  in  tbia  tabi*  r«fl«ct  tb*  foileving  basic  BiniBua  r*quir* 
1.  40-iDcb  ainiaua  ••paration  at  pel*  b«t«*«n  neutral  or  ••condary  and  bigbaa t  t 

conductor.  (Tboaa  tabloa  do  not  ineludo  any  cona idara t ion  of  ainiBun  aaporati 

qu.iraaenta  «b*n  povar  aquipaant  ic  aountad  on  poia  baloa  tb*  nautrai). 

30-ineb  ainiaua  aidapan  aaparation  batvaan  bigbaat  tolapbona  conductor  and  ua 

aacondar  i  aa . 

3.  Lina  of  aigkt  rula  aban  aacondariaa  up  to  7S0  volta  ara  involTod. 

4.  All  aaparotiona  or*  baaad  on  REA  pola  baad  eon f iqura t iona  «itb  nautrai  3%  fa* 
pola  top  and  phoaa  airas  occupying  a  poaition  ot  top  of  poia  and  loaaat  aacoa 
faat  baloa  nautrai.  „^  _.     „    ,_ 

RD-.Fif>.  No.  LI 


aan  t  a  : 
a lephone 
on   .  •- 

ut  ral  or 


t  below 
dary  3 


VERTICAL  SEPARATION  TABLES  FOR  TELEPHONE  UNDERBUILD 
ON  REA  ELECTRIC  POLE  LINES 

I.OAOINS  oisraicT 

POWeH    CONOUCTOM 

No.  6  HD  Copper 

Ught 

TILCPNONC    CONOUCTOH 

iM   Mcoadarlaa  ar«  praaaot  or  plaaa*d.  «••  eolua*  "Sccenaary".      All 
•paratloaa   sbevB  ar*  b«t**«a  Dmtral   a»d    t«l«pkoa«  c«adactera. 

.102  EHS  30^  C 

opperweld 

MINIMUM    SCPAtATIOi     AT    POLC    lETWECM    POWER    NEUTRAL     AMD    TCLrPHA.r    r«-n..rT« 

SPAN 
LENGTH 

All  RULING     SPANSJ                 RULING     SPAN 

RULING    SPAN 

RULING    SPAN 

RULING    SPAN 

FT. 

LOWER    POWER   COMO. 

LOWER    POWER   CONO. 

LOWER    POWER   CONO. 

LOWER    POWER    CONO. 

LOWER   POWER   CONO 

NCUTMAL 

siconOAHv 

NCUTMAL 

SCCONOAKT 

MCUTRAL 

StCONOAnv 

NCUTKAL 

SECONOAMV 

NCUTMAL 

scconoarv 

200 

210 

220 

230 

240 

250 

260 

270 

280 

290 

JOO 

A.Q' 

7.0» 

310 

It 

II 

320 

ti 

II 

330 

» 

II 

340 

t» 

II 

350 

4«5' 

7.5' 

360 

" 

It 

370 

?i 

It 

380 

t» 

It 

390 

S.O' 

8.0' 

400 

II 

II 

410 

ti 

8.S« 

420 

It 

II 

450 

11 

9.0* 

440 

s.s» 

It 

450 

II 

9.5» 

460 

M 

10.0' 

470 

II 

It 



480 

6.0» 

10. '^J 

490 

n 

It 

500 

II 

n  -Of 

510 

II 

It 

520 

6.?» 

11.5' 

530 

II 

ip.ni 

540 

II 

II 

550 

II 

12.'>' 

560 

7.0' 

13  .Ot 

5.70 

II 

13. S» 

980 

II 

It 

590 

7-^' 

1L.0« 

600 

NOTES:   Tha  data  ahovn  in  thia  tabla  r«fi«ct  tha  following  basic  niniaun  raqui raaan ta : 

1.  40-lach  ainiauB  saparatiea  at  pola  batwoon  aoutral  or  aaeondary  and  hiqhaat  talaphona 
condoctor.   (Thaaa  tablaa  do  not  includa  any  conaidaro t ion  of  ainiaun  aaparation  re- 
quiraaanta  whan  poaar  aquipaant  i«  aountad  on  pola  bale*  tha  nautral). 

2.  30-ineh  ainiaua  aidapan  aaparation  batvaaa  highaat  talaphona  conductor  and  nautral  or 
aacondar iaa . 

Lina  of  aigbt  rula  whan  eaeondarias  up  to  7S0  volta  ora  involTod. 
4.  All  saparationa  ara  baaad  on  REA  pola  haad  con f igura t iona  with  nautral  2%    faat  balo* 
pola  top  and  phaaa  airaa  occupying  a  poaition  at  top  of  pola  and  lowaat  sacondary  3 
faat  balov  nautral. 

RD-FIg,  No.  ItB 
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VERTICAL  SEPARATIOH  tABLES  FOR  TELEPHONE  UNDERBUILD 

AH    BB**     CI  CrTBir    DAI  C    1  IHC* 

LOAD INS 

01  STRICT 

^OVCIt    CONDUCTOR 

No.    6  HD  CoDPer 

UH   jKA    tLtClKlC  ruLc   LIRcS 

Light 

TCLERHONC    CONDUCTOR 

Vk«a   ■•eoodarlaa  a(«rpr»a«Bt  or  piaaB*d.  ua«  colsBB  "SacoDdary".      All 
•paratloB*   aho^tt  or*  b«tv««o  aatitrol   osd    talaphoo*  condactora. 

.109  Grade  135  Steel 

NIIIMUN    SCfA»ATIO«    AT    POLE    lETWEER    POWER    REUTRAL    AND    TELEPMOM    COBDUCTORS    fFeet"i 

SPAM 
LENGiH 
FT. 

All   RUL 1 NG     SPANS 

RULING     SPAN 

RULING    SPAN 

RULING    SPAN 

RULING     SPAN 

LOWER    POWER   COttO. 

LOWER    POWER    CONO. 

LOWER    POWER   COND. 

LOWER    POWER    CONO. 

LOWER    POWER   CONO 

NCUTKAL 

SCCONOAHY 

NCUTMAL 

SCCONOAMV 

NCUTMAL 

SCCONOAHY 

NCUTMAL 

SECONDARY 

NCUTRAL 

SECONDARY 

200 

t 

210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

L.O' 

7.0« 

310 

II 

II 

320 

11 

11 

330 

Zi.5' 

7.5' 

340 

II 

II 

350 

II 

II 

360 

II 

II 

370 

II 

11 

380 

'J.O' 

8.0' 

390 

II 

II 

400 

II 

II 

410 

II 

8.S' 

420 

5.5» 

II 

430 

II 

9.C» 

440 

II 

II 

450 

II 

9.5' 

460 

6.0« 

10.0' 

470 

It 

11 

480 

11 

TO.*;' 

490 

II 

It 

500 

6.S« 

n.o' 

510 

It 

11.5' 

520 

II 

It 

530 

7-0' 

12-0» 

540 

II 

12.5' 

550 

II 

II 

560 

7.S' 

13-0' 

570 

II 

13.5' 

580 

590 

600 

'&'/> 


■^m< 


ROTES:   Th«  data  ahovn  in  this  tabl*  r«fl«ct  th«  following  basic  ■iniaua  rvqui r*s«n t a : 

1.  40-inch  aininu*  ssparation  at  pols  bstvssn  nsutral  or  sscendary  and  highsst  taisphons 
conductor.  (Thsss  tcblss  do  not  includs  any  considsra t ion  of  ninisun  soparation  rs- 
quirsasnts  whan  po««r  aquipasnt  is  aountsd  on  pois  bslos  tho  noutral). 

2.  30-inch  ainiaua  aidapaa  ssparation  bstvssn  hiqhsst  tslsphono  conductor  and  nautral  or 
ascondoriss. 

3.  Lino  of  sight  rula  vhsn  sscondariss  up  to  7S0  volts  ars  involrod. 

4.  All  ssparations  or*  bassd  on  RCA  pols  hsad  configurations  sith  nautral  3!^  foot  beloa 
pels  top  and  phoss  sirss  occupying  a  position  at  top  of  pols  and  iovsst  aacondary  3 
fsst  bsles  noutral. 

RD-Fig,  No.  49 
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VERTICAL  8EPARATI0K  TABLES  FOR  TELEPMOME  UNDERBUILD 
ON   REA  ELECTRIC  POLE  LINES 

LOADINt 

>    01  STRICT 

PoaCK    CONOUCTO* 

No,  6  HD  Copper 

Ught 

TELEPHONE    CONOUCTOH 

.   ■•coBdorlva  ar«  pras.nt  or  plaaa*<l.  «••  eoluM  "Sacoadorr".      All 
Jratleaa   ahom  ara  b«tv««a  nautrai   and    talapboao  eeaductora. 

.109  Grade  190  Steel 

i|,       '"■-'-WMH    SEPAtATIOH     AT    POLE    tETWCEH    POWER    iEUTtil     A.n    Tr.r.H«„F    fft„n„rTftff1    /Prr+\ 

SPAN 
LENGTH 

AJ-L  RUL  1  NG    SPAtfl 

RULING     SPAN 

RULING    SPAN 

RULING     SPAN 

RULING     SPAN 

FT. 

LOWER    POWER   COMO. 

LOWER    POWER    CONO. 

LOWER    POWER   CONO. 

LOWER    POWER    CONO. 

LOWER    POWER    COND. 

NCUTMAI. 

SCCOnOAMY 

MCUTMAL 

SCCOMOAMV 

nCuthai. 

SCCONOAHV 

MCUTMAL 

SECONOAMV 

NE JTRAL 

SECONDARY 

200 

210 

, 

220 

230 

240 

250 

260 

270 

280 

290 

300 

u.v 

7    '^  ♦ 

/  •  y 

310 

II 

II 

320 

If 

" 

330 

II 

11 

340 

II 

11 

350 

5.0' 

8.0' 

36  f; 

II 

II 

370 

:i 

It 

380 

II 

II 

390 

S.^' 

8-'5» 

0 

n 

II 

.0 

II 

II 

430 

6.0' 

9.0' 

4?0 

II 

II 

440 

It 

II 

450 

II 

9.5» 

460 

6.5' 

10.0' 

470 

II 

II 

480 

II 

TO,*;' 

490 

7.0» 

tt 

500 

11 

n.o» 

510 

II 

n.s' 

520 

7-'5» 

II 

530 

M 

12.0' 

1 

540 

II 

12,5  • 

550 

8.0' 

II 

560 

11 

13.0' 

570 

8.5» 

13.5' 

580 

590 

600 

f 


■  OfES 
1 


Tb«  data  ahoan  in  this  tabla  r«fi«ct  tha  folloving  basic  ainiauai  requiraaan 
40-inch  BiniauB  saparation  at  pola  batwaan  nautral  or  aacondary  and  bighaat  tala 
conductor.   (Thaaa  tablaa  do  not  includa  a  ly  con  a idara t ion  of  ainiaun  aaparation 
quiraaanta  vhan  powar  aquipaant  i«  aountad  on  oola  balow  tha  nautral). 

''   30-inch  ainiaua  aidapan  aaparation  batwaan  hiqia't  talaphone  conductor  and  nautr 
•  ac  ondar  iaa . 
Lina  of  aight  rula  vhan  aacondariaa  up  to  750  troll   ara  inTolvad. 

4.  All  aaparations  ara  baaad  on  REA  pola  haad  configurations  with  nautral  3%  faat  b 
pola  top  and  phaaa  airas  occupying  a  position  at  top  of  pola  and  loaast  aacondar 
faat  baloa  nautral. 

Rn-»F1g.  Nn.   50 
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VERTICAL   SEPARATION  TABLES  FOR  TELEPHONE  UNDERBUILD 

ftH    tCk     CI  CTTBir    9IU  C    1  IMC* 

LOAOINC 

OlSTmCT 

POVia    COMSUCTOR 

No,   8A  Copperweld 

Lig^t 

TILCPMONC    CONOUCTOa 

'h«B    ■•ceadorlaa  ara  pr*s«Dt  or  plaao*d.  uaa  coluaa  "Sacondary".      Ail 
ap«ratloaa   ■hoaa  ara  bataaaa   oautral    <rad    talaphooa   conductora. 

•080  HS  IM  Copperweld 

MINIMUM    SEfAtATlOB     AT    POLE    lETWECN    fOWEt    NEUTRAL     AND    TELEPHONE    CONOUCTOtS     fFfiftt'i 

SPAN 
LENGTH 
FT. 

A11   RUL ING     SPANS 

RULING    SPAN 

RULING    SPAN 

RULING    SPAN 

RULING     SPAN 

LOWER    POWER   COMO. 

LOWER    POWER   CONO. 

LOWER    POWER   CONO. 

LOWER   POWER    CONO. 

LOWER   POWER    CONO. 

NCUTHAL 

SECOMOAar 

NCUTRAI. 

sccoNDAav 

NCUTM*!. 

SCCOMOAHY 

NCUTMAL 

SCCONOARY 

NEUTRAL 

SeCONOARY 

200 

210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

3.5« 

6.5» 

310 

II 

II 

320 

II 

II 

330 

!l 

tl 

340 

11 

II 

350 

II 

II 

360 

II 

II 

370 

II 

II 

, 

380 

II 

II 

390 

It 

II 

400 

II 

II 

410 

II 

II 

. 

420 

II 

II 

450 

11 

II 

440 

11 

II 

450 

II 

II 

460 

470 

480 

490 

500 

510 

520 

530 

540 

550 

560 

570 

580 

590 

600 

NOTES:   Tha  data  ahovn  in  this  tabl*  raflact  th«  folloving  basic  ■inisua  raquiraaan t ■  : 
1.  40-lncli  ainiauH  aaparation  at  pola  batwaan  nautral  or  ■•condary  and  highaat  talaphona 
conductor.  ITbasa  tablaa  do  not  include  any  con  ■  idara  t  ion  of  ■ininuit  separation  ra- 
quiraaants  whan  povar  aquipnant  is  aountad  on  poia  balov  tha  nautral). 
*.  30-incb  ainiaun  aidspan  saparation  batwaan  highast  talapbona  conductor  and  nautral  or 
sacendar ias . 

3.  Lina  of  aiqht  ruia  ahan  aacondarias  up  to  750  volts  ora  involTod. 

4.  All  saparationa  ara  baaad  on  RCA  pola  haad  con fiqurat ions  with  nautral  3%    f«at  balo« 
pola  top  and  phasa  viras  occupying  a  position  at  top  of  pola  and  lowast  aacondary  3 
f««t  bale*  neutral. 


VERTICAL  SEPARATION  TABLES  FOR  TELEntONE  UNOERBUILO 
ON  REA  ELECTRIC  POLE  LINES 

L0*OIM«   OISTRICT 

roVIR    CONOUCTOa 

No,  8A  Copperweld 

Ught 

TILCPHONC    CONOUCTOD 

«ada(l«s  or*  pr»«««t  or  plona*4.  u**  eeluaa  "Sceosdarr  ".      All 
eaa   sbova  ar»  b«l>»«a   amtral   oad    t«l«phea«  ceadaetara. 

.102  EHS  30^  Coppervreld 

MIHIMUM    SEPARATION    AT    POLE    lETWCCN    POWER    NEUTRAL    ARO    TrLEPUO-r    rfl.n..rTn»«    /'t?^^+ S 

SPAM 
LEN€TH 

All   RUL ING    SPANS 

RULING    SPAN 

RULING    SPAN 

RULING    SPAN 

RULING     SPAN 

''T. 

LOWER   POWER   COHO. 

LOWER    POWER   CONO. 

LOWER   POWER  CONO. 

LOWER   POWER   CONO. 

LOWER   POWER   COND 

NCUTRAL 

sicoMO«ar 

MCUTRAL 

stcoMOAay 

MCuTaai 

sccoiMAar 

MCura«L 

SCCOMOASr 

MCUTMAL 

SCCONOAAr 

200 

210 

220 

.220 

240 

250 

260 

270 

280 

290 

300 

3.5' 

6,5' 

310 

II 

II 

320 

II 

II 

330 

II 

It 

340 

It 

II 

350 

II 

It 

360 

II 

II 

370 

II 

It 

360 

11 

It 

390 

II 

It 

400 

11 

It 

410 

II 

It 

420 

II 

II 

430 

It 

It 

440 

II 

It 

450 

•1 

7.0» 

460 

II 

" 

470 

II 

It 

480 

"        1        V.St 

490 

II     1       II 

500 

II 

ti 

• 

510 

11 

ft.O« 

520 

II 

It 

530 

It 

tt 

540 

II 

8.S' 

550 

11 

It 

560 

11 

Q.0« 

570 

II 

It 

1 

580 

11 

II 

590 

ti 

Q.«;' 

600 

NOTES:   Tha  data  ahevii  in  thia  tabia  raflaet  tha  feileaiaq  baaie  aiaiaua  raqu  i  raaan  t  ■  : 

1.  40-iach  aiaiaua  aaparatioa  at  pola  bataaaa  aautral  or  aacoadary  aad  higbaat  talaphoaa 
eoadnetor.  (Tbaaa  tablaa  do  not  iaeluda  aay  eonaidarat ion  of  aiaiaua  aaparatioa  ra- 
qairaaanta  abaa  pevar  aquipaaat  i«  aouatad  oa  poia  baloa  tba  nautral) 

2.  30-iacb  aiaiaua  aidapan  aaparatioa  botaaoa  bigbaat  talapboaa  conductor  and  aoutrol  or 
aacendar  iaa . 

3.  Liaa  of  aiqht  rula  abaa  aaeoadariaa  up  to  7S0  Tolta  ara  iaTolTod. 

4.  All  aaparationa  ara  baaad  oa  RCA  pola  baad  coa f Iqura t loaa  aitb  aautral  3%    faat  baioa 
pola  top  aad  phaaa  airaa  oeeupyiaq  a  poaition  at  top  of  pola  oad  loaaat  aacoadary  3 
faat  balo*  aautral. 

RD"Flg.  Nfl.  52 
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VERTICAL  SEPARATION  TABLES  FOR  TELEPHONE  UN0ER8UIL0 
ON  REA  ELECTRIC  POLE  LINES 


Vkaa   ■•ooB4acl«aar«pr*a««t  or  plaaB«4.  ua*  caiam  "Saeoadarr".      All 
^yarotloaa   ■he— ara  bataaaa   aaatrol   amd   fiaphoaa  ceadactera. 


LOAD IN*  OlSraiCT 


Light 


SfAN 
LENCTX 
FT. 


200 


210 


220 


230 


240 


250 


260 


270 


280 


TCLCPHOHC  CONDUCTOH 

.109  Grade  135  Steel 

wmWUW    3tPA>ATI0W    AT    POLE    tETWE£»    POWCN    ■CMTRAL    AMO    T6LEPH0IIE    COIlOUCTOKS    (?titit) 

RULING     SPAN 


rowca  coHoucToa 

No.  8A  Copperweld 


AIT    RULING    SPAwd  RULING     S^AN 


LOWCR    POWER   COMO. 


NIUTMAL 


290 


300 


310 


320 


330 


340 


350 


360 


370 


-iill 


scconoAar 


1^ 


LOIfCR    POWeR   CONO. 


NlUTa*L 


StC0NO««Y 


380 


J95L 


400 


410 


420 


430 


440 


450 


460 


470 


480 


490 


500 


510 


520 


5?0 


540 


550 


•560 


570 


580 


590 


600 


RULING    SPAN 


LONER  POWER  CONO. 


RULING    SPAN 


LOWER   POWER   CONO. 


NtwraaL 


SfCOHOAMT 


SCCONOAaV 


LOWER    POWER    CONO. 


NCUTROt. 


SeCOMBAKT 


■OTIS:   Tha  data  ahoan  in  thia  tabla  rafl.ct  tha  foilo.inq  ba.ic  -iniwu.  r.quira.an t a : 

1.  40.1nch  .iai.tt.  aaparatlon  at  pola  bataaan  aautral  or  ..eondarr  <*nd    high*-*  talaphoa. 
eoBdnctor.  (Thaaa  tablaa  do  not  includa  any  conaldara t ion  of  ainiauw  .aparation  ra- 
qniraaanta  ahan  powar  aquipaant  i«  aouatad  on  pola  balow  tha  nautral). 

2.  30.laeh  ainiaua  .id. pan  aaparation  bataaan  hiqhaat  taiaphona  conductor  and  nautral  or 
aacondar  iaa . 

3.  Lina  ot    aiqbt  ruia  ahan  aacoadariaa  up  to  7S0  velta  ara  inrolTad. 

4.  All  aaporationa  ara  baaad  on  REA  pola  haod  con  f  iqurat  lona  -ith  nautral  354  ?••»  t>»l<»" 
pola  top  and  phaaa  airaa  occupying  «  poaition  at  top  of  poia  and  loaaat  lacondary  3 
f.at  balow  nautral.  ffp^^  g.  Mo.  '^'^ 
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1.  GENERAL 


1.1 


This  section  provides  REA  borrowers,  consulting  engineers  and  other 
interested  parties  with  information  in  the  design,  installation  and 
operation  of  REA  borrowers'  telephone  systems.  In  particular,  this  section 
covers  electrical  protection  practices  recommended  for  electronic  analog  and 
digital  central  offices.  The  practices  are  also  applicable  to  digital  remote 
switching  terminals  housed  in  central  office  type  buildings. 

1.2  This  section,  replacing  Issue  5,  dated  August  1980,  has  been  revised 
to  present  the  concepts  of  single-point  ground  systems.  The  single- 
point  ground  system  isolates  the  electronic  switching  equipment  from  all 
elements  of  the  total  central  office  grounding  system  except  at  a  single 
point.  This  isolation  minimizes  the  flow  of  potentially  damaging  currents. 

1.3  Electronic  switching  systems  are  susceptible  to  excessive  induced 
transient  voltages  which  may  be  introduced  through  incoming  circuits, 

the  central  office  grounding  system,  or  by  electrostatic  action.  The  inherent 
voltage  sensitive  characteristics  of  electronic  switching  systems  are  due 
primarily  to  the  fragile  nature  of  semiconductor  components  and  their  fast 
transient  response  characteristics.  Semiconductors  typically  have  low 


REA  TE&CM  810 
Page  2 


breakdown  voltage  ratings  and  can  be  permanently  damaged  by  excessive  voltage 
spikes. 

1.4  The  basic  grounding  system  discussed  in  this  section  is  designed  for 
application  in  the  single  floor  office  buildings  typical  in  the  sytems 

of  REA  borrowers.  This  section  may  be  utilized  as  described  in  paragraph  14 
to  improve  protection  of  electromechanical  switching  systems  that  have  power 
and  lightning  surge  related  problems. 

1.5  The  single  point  grounding  system  described  in  this  section  is  designed 
to  meet  the  protection  requirements  of  most  central  office  equipment 

manufacturers.  No  deviation  should  be  made  from  the  described  method  unless 
there  are  compelling  reasons  for  change.  (See  Paragraph  1.6). 

1.6  Some  central  office  equipment  manufacturers  may  request  grounding 
systems  exceeding  those  recommended  herein.  These  might  include  a 

rigid,  low  maximum  resistance  requirement  for  the  central  office  ground  field 
or  various  forms  of  extraordinary  lightning  protection.  The  costs  of 
providing  and  maintaining  these  features  can  be  quite  high. 

1.7  This  discussion  of  central  office  grounding  systems  is  essentially  based 
on  resistance  since  this  is  a  primary  parameter  that  is  readily  under- 
stood. However,  the  essential  factor  in  building  and  switching  system 
protection  is  the  grounding  system  impedance,  especially  the  reactance 
component,  of  the  grounding  conductors.  The  general  guidelines  presented  in 
this  practice  are  based  on  providing  a  system  having  a  relatively  low  overall 
impedance  to  the  flow  of  lightning  and  power  fault  currents. 

2.  DEFINITIONS 

2.1  The  following  terms  are  defined  as  an  aid  to  understanding  their  usage 
in  this  section.  They  are  terms  commonly  used  for  describing  telephone 

central  office  grounding  systems.  Different  terms  have  been  used  by 
individual  manufacturers  and  operating  companies  other  than  those  commonly 
used.  Such  terms  are  included  in  parentheses  at  the  end  of  each  definition, 
where  applicable. 

2.2  BUILDING  STRUCTURAL  GROUND:  a  ground  bond  connected  to  structural  steel 
and/or  reinforcing  steel  rods  contained  within  the  building  walls, 

roofs,  floors,  footings,  or  foundations. 

2.3  CABLE  ENTRANCE  GROUND  BAR  (CEGB):  a  copper  ground  bar  provided  for  the 
purpose  of  terminating  incoming  telephone  cable  shields  on  a  common 

connection  point.  The  bar  is  normally  located  close  to  the  entrance  location. 
(CABLE  VAULT  GROUND  BAR). 

2.4  CENTRAL  OFFICE  GROUND  FIELD  (COGF):  a  series  of  interconnected  ground 
rods,  buried  perimeter  cable  or  a  metallic  well  casing  for  provision  of 

a  low  resistance  path  to  earth  ground.  (CENTRAL  OFFICE  GROUND  GRID). 
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2.5  COLLOCATED  SWITCHING  SYSTEM: 
at  a  single  location. 


2.6 


two  or  more  separate  switching  systems. 


J 


ELECTROSTATIC  DISCHARGE  (ESD)  PROTECTION:  protection  required  to 
minimize  electronic  component  damage  related  to  static  voltage 

discharges.  Static  charges  are  typically  generated  by  moving  personnel  or 

moving  air  in  a  work  area  where  relative  humidity  is  low. 

2.7  FUSE  LINK:  a  length  of  fine  gauge  wire  in  series  with  a  larger  gauge 
wire,  for  the  purpose  of  "fusing"  open  during  a  current-surge  condition. 

This  element  normally  provides  protection  from  currents  which  could  otherwise 
heat  conductors  and  start  fires. 

2.8  GREEN  WIRE  GROUND  (GWG):  a  normally  noncurrent  carrying  conductor 
provided  for  the  protection  of  personnel  and  equipment.  The  green  color 

code  distinguishes  the  lead  from  the  current  carrying  grounded  conductors 
(neutrals)  which  are  natural,  gray  or  white.  (EQUIPMENT  GROUNDING  CONDUCTOR) 

2.9  GROUND  LOOP:  ground  loops  exist  when  there  is  more  than  one  electrical 
path  from  a  point  in  a  circuit  to  a  reference  ground  connection.  Such 

parallel  paths  to  ground  are  normally  not  a  problem  if  associated  with  the 
nonsensitive  circuitry  located  outside  the  IGZ.  Ground  loops  are  undesirable 
for  equipment  located  inside  the  IGZ. 

2.10  GROUND  WINDOW  BAR  (GWB):  a  copper  ground  bar  provided  for  the  common 
connection  of  all  equipment  located  inside  the  Isolated  Ground  Zone 

(IGZ),  see  paragraph  2.8.  (GROUND  WINDOW  GROUND  BAR,  MAIN  GROUND  BAR,  GROUND 
WINDOW  SPLICE  PLATE). 

2.11  INSULATING  JOINTS:  nonconducting  inserts  provided  at  specified  points 
in  metal  framework  of  equipment  located  inside  the  IGZ.  These  are 

provided  for  the  purpose  of  insulating  the  IGZ  equipment  from  outside  ground 
connections. 

2.12  INTERMEDIATE  GROUND  BAR  (IGB):  a  copper  ground  bar,  insulated  from  its 
support  used  as  a  distributing  point  for  a  ground  wire  from  the  Master 

Ground  Bar  (MGB)  (see  paragraph  2.10)  to  be  connected  to  several  racks  or 
frames  of  equipment,  usually  in  the  non-IGZ  area,  but  not  to  include  battery 
(+)  from  the  main  power  board. 

2.13  ISOLATED  GROUND  ZONE  (IGZ):  a  dedicated  area  within  an  office  building 
wherein  all  equipment  is  electrically  insulated  from  all  external 

grounds  except  through  a  single  ground  connection  between  the  GWB  and  the  MGB. 
The  isolated  area  should  preferably  extend  a  minimum  of  six  feet  (1.8  meters) 
on  all  sides  from  the  equipment  frames  and  framework  and  where  practical  be 
separated  from  other  equipment  by  permanent  walls.  The  IGZ  will  normally 
house  sensitive  electronic  components.  (ISOLATED  AREA). 

2.14  MAIN  DISTRIBUTING  FRAME  (MDF):  a  distributing  frame  where  outside 
plant  cables  are  terminated  on  vertical  protection  assemblies.  Cable 
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pairs  are  also  cross-connected  on  this  frame  to  CO  line  equipment  terminated 
on  horizontal  blocks. 

2.15  MASTER  GROUND  BAR  (MGB):  a  copper  ground  bar  used  as  single  point  con- 
nection for  surge  producers,  surge  absorbers,  non-IGZ  equipment 

grounds,  and  IGZ  equipment  grounds.  The  MGB  is  normally  non-current  carryinq 
and  isolated  from  the  building/structural  ground. 

2.16  MDF  GROUND  BAR  (MDFB):  a  copper  ground  bar  typically  provided  at  the 
bottom  of  the  MDF  used  as  the  connection  point  for  tip  cable  shields 

and  MDF  protector  assemblies.  The  MDFB  may  be  used  as  an  MGB  in  small 
offices.   (ENTRANCE  CABLE  PROTECTOR  BAR). 


2.17 


2.18 


MDF  PROTECTOR  ASSEMBLY:  an  assembly  consisting  of  a  protector 
module  and  a  connector  module. 


METALLIC  WATER  SYSTEM:  a  public  or  private  water  system  that  includes 
an  outdoor  section  or  buried  metallic  water  pipe  at  least  10  feet  in 
length  and  owned  by  the  telephone  company. 


2.19  MULTIGROUNDED  NEUTRAL  (MGN):  a 
provides  a  grounded  conductor  h 
earth  ground.  In  this  system,  at  leas 
mile  of  line,  not  including  grounds  at 
grounding  arrangement  provides  a  very 
the  purpose  of  absorbing  lightning  and 
return  path  for  residual  (unbalanced) 
perfect  balance  on  associated  three-ph 


power  distribution  system  which 
aving  multiple  direct  connections  to 
t  4  grounds  must  be  provided  in  each 

individual  services.  This  multiple 
low  impedance  path  to  earth  ground  for 

switching  surges.  It  also  provides  a 
currents  resulting  from  less  than 
ase  power  distribution  systems. 


2.20 


PERSONNEL  DISCHARGE  PLATES:  plates  provided  in  equipment  areas  con- 
taining voltage-sensitive  electronic  equipment.  These  plates  are 
connected  to  ground  and  are  used  to  discharge  body  voltages  to  ground  rather 
than  through  accidental  contact  with  sensitive  electronic  components. 

2.21  SINGLE  POINT  GROUNDING:  a  grounding  system  utilizing  a  single  point, 
usually  the  MGB,  to  provide  a  zero  reference  potential  to  ground  for  an 
entire  office  switching  system.  While  the  voltage  at  this  connection  point 
may  rise  above  zero  volts-to-earth-ground  under  fault  conditions,  the  entire 
switching  system  will  also  rise  at  the  same  rate  to  the  same  voltage.  This 
helps  minimize  any  circulating  currents  between  switching  components  during  a 
condition  of  lightning  or  power  surge. 

'2.22  SURGE  ABSORBERS  (A):  surge  absorbing  paths  with  a  low  resistance  con- 
nection to  remote  earth  ground.  A  grounding  element  which  has  a  low 
resistance  path  to  earth  ground  is  considered  a  primary  surge  absorber.  There 
are  only  three  primary  surge  absorbers:  (1)  the  central  office  ground  field, 
(2)  the  power  system  multiground  neutral  (MGN),  and  (3)  a  metallic  water 
system. 
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2.23  SURGE  PRODUCERS  (P):  connections  to  metallic  sources  of  lightning 

and/or  power  surges.  For  example,  radio/microwave  towers,  telephone 
cable  shields,  telephone  cable  pairs  and  power  system  conductors. 

3.  SINGLE  POINT  GROUNDING 

3.1  Single-point  grounding  is  based  on  several  related  principles.  There  is 
a  need  to  control  the  high  voltage  differences  which  are  produced 

between  the  ends  of  single  conductors  such  as  copper  wires  and  busbars  by  fast 
rising  electrical  surges.  Reference  Appendix  A  for  a  discussion  of  the 
voltage  effects  from  rising  surge  currents. 

3.2  Surge  potentials  need  to  be  equalized  through  controlled  bonding  of 
central  office  ground  elements.  Among  these  ground  elements  (see 

Figure  1)  are: 

a  -  Surge  Producers  (P) 

b  -  Surge  Absorbers  (A) 

c  -  Non-IGZ  equipment  grounds  (N) 

d  -  IGZ  equipment  grounds  (I) 

3.3  Single-point  grounding  is  used  to  reduce  voltage  differences  and  control 
surge  currents.  The  basic  elements  of  a  single  point  grounding  system 

include  the  following: 

3.3.1  A  Master  Ground  Bar  (MGB)  with  connections  grouped  to  confine 
lightning  and  power  surge  activity.  This  is  also  the  point  for 

establishing  a  common  reference  plane,  with  respect  to  earth  ground,  for  the 
entire  central  office. 

3.3.2  A  Ground  Window  Bar  (GWB)  for  establishment  of  a  single  local 
reference  point  for  grounding  sensitive  electronic  equipment  within 

the  IGZ.  Section  I  (see  paragraph  4)  of  the  MGB  provides  a  single-point 
termination  and  ground  reference  to  which  the  GWB  and  associated  electronic 
equipment  are  bonded. 

3.3.3  An  Isolated  Ground  Zone  (IGZ)  surrounding  the  electronic  switch  and 
other  sensitive  electronic  equipment.  The  IGZ  will  consistently  have 

the  reference  to  ground  as  the  GWB. 

3.4  A  high  voltage  rise  can  occur  between  the  point  of  strike  and  point(s) 
of  dissipation  under  momentary  large  surge  conditions,  such  as  those 

resulting  from  direct  or  indirect  lightning  strikes  to  cable  or  other  outside 
plant  connected  to  the  MGB.  The  MGB  bonding  configurations  illustrated  in 
Figure  1  and  6  enable  high  current  surges  to  be  concentrated  and  dissipated 
through  the  P  and  A  sections  of  the  bar.  This  maintains  the  lowest  possible 
potential  at  the  point  of  MGB-GWB  connection.  The  connection  sequence  of 
P-A-N-I  as  shown  in  Figure  1  is  very  important  to  the  overall  protection 
effectiveness. 
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3.5  All  equipment  located  within  the  IGZ  electrically  floats  at  essentially 
the  same  potential  as  the  GWB  when  the  single-point  grounding  concept  is 
used.  When  all  switch  modules  are  operating  at  the  same  potential,  no 
damaging  voltages  appear  across  sensitive  components  and  surge  currents  are 
eliminated. 

4.  MASTER  GROUND  BAR  (MGB) 

4.1  The  MGB  is  the  hub  of  the  basic  central  office  grounding  system  used  as 

a  common  point  of  connection  for  the  P-surge  producers  and  A-surge 
absorbers,  as  well  as  the  equipment  grounds  for  both  the  N-nonisolated  and  I- 
isolated  equipment  areas.  Sizing  of  ground  conductors  is  discussed  in 
Paragraph  8.  The  MGB  is  a  copper  bar  insulated  from  its  support.  The  MGB  may 
be  located  either  on  a  wall  near  the  MDF,  or  on  the  cable  vault  wall.  In 
small  offices  it  may  be  located  on  the  MDF  as  described  in  Paragraph  4.2.2. 
The  various  connections  to  the  MGB  should  be  tagged  or  stencilled  to  identify 
each  as  described  in  Paragraph  8.3. 


4.2  Surge  Producers  (P  Section  of  MGB) 
nection  point  for  surge  producers. 


The  MGB  is  the  preferred  con- 


4.2.1  Cable  Entrance  Ground  Bar  (CEGB):  Cable  shields  should  be  bonded 
directly  to  a  CEGB  in  offices  where  a  cable  vault  has  been  provided. 

The  CEGB  is  connected  by  the  most  direct  route  to  the  MGB.  The  CEGB  is  a 
copper  bar  insulated  from  its  support. 

4.2.2  MDF  Ground  Bar  (MDFB):  The  main  frame  protector  blocks  should  be 
bonded  directly  to  the  MDFB.  A  detailed  discussion  of  MDF  protection 

is  provided  in  Paragraph  7.  This  ground  bar  is  also  the  bonding  point  for 
terminating  the  MDF  end  of  tip  cable  shields  to  ground.  The  MDFB  may  be  used 
as  the  MGB  in  very  small  offices  where  installation  of  a  wall-mounted  MGB  is 
impractical.  With  this  application,  the  bar  should  be  insulated  from  its 
support  and  have  sufficient  length  to  provide  the  connection  sequence  shown  in 
Figure  1.  It  is  important,  that  the  integrity  of  all  sections  of  the  bar  are 
preserved  for  the  life  of  the  ground  bar  arrangement.  The  MDFB  may  be 
insulated  from  its  support  as  required  by  the  manufacturer. 

4.2.3  Radio  and  Microwave  Equipment  Grounds:  Connect  all  indoor  cabinets 
which  are  a  part  of  these  system(s)  directly  to  the  MGB.  No  con- 
nections should  be  made  to  the  GWB  or  other  central  office  ironwork.  Where 
the  MDFB  is  used  as  the  MGB,  these  equipment  grounds  should  be  connected  to 
the  P  section  of  the  bar.  Radio/microwave  towers  are  provided  with  outdoor, 
dedicated  grounding  systems.  Surge  voltages  should  be  equalized  by  bonding 
the  dedicated  grounding  system  to  the  central  office  ground  field  at  a  point 
outside  the  building  for  personnel  safety  and  equipment  protection.  This 
connection  is  discussed  in  Paragraph  4.3.2  -  4.3.2.2. 

4.2.4  Standby  Power  Plant  Framework  Ground:  A  connection  should  be  provided 
between  the  standby  power  plant  framework  and  the  MGB  to  equalize 

framework  voltages  for  safety  reasons.  When  the  standby  power  plant  is 
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located  in  a  separate  building  from  the  electronic  equipment  an  earth 
electrode  should  be  installed  and  connected  to  the  standby  power  plant 
framework. 

4.3  Surge  Absorbers  (The  A  section  of  MGB):  The  MGB  is  also  the  preferred 
connection  point  for  the  three  primary  surge  absorbers.  They  are  the 
power  system  multigrounded  neutral,  the  central  office  ground  field  and  the 
metallic  water  system.  Bonding  of  the  power  neutral  and  water  pipe,  on  the 
MGB  does  not  replace  the  requirements  of  the  National  Electrical  Code  for 
separately  bonding  the  commercial  power  service. 

4.3.1  Multigrounded  Neutral  (MGN):  The  MGN  with  its  multiple  connections 

to  earth  throughout  the  power  system  normally  has  a  low  resistance  to 
earth  ground.  Because  of  this  low  resistance  it  may  be  the  most  important 
ground  connected  to  the  MGB.  The  low  resistance  to  earth  ground  makes  it  an 
excellent  surge  absorber.  The  MGN  may  occasionally  become  a  momentary  surge 
producer  due  to  nearby  lightning  strikes  or  power  system  transients.  Refer  to 
Paragraph  8  for  a  discussion  of  ground  system  conductor  sizes.  In  any  case 
the  ground  conductor  between  the  MGN  and  the  MGB  should  be  the  same  size  or 
larger  than  the  commercial  MGN  service  entrance  conductor  to  the  building. 

4.3.1.1  Occasionally  a  non-MGN  power  system  (e.g.,  delta  or  unigrounded  wye 

system)  will  be  encountered.  A  bond  is  still  required  between  the 
local  power  ground  electrode  and  the  MGB.  Non-MGN  systems  do  not  qualify  as 
primary  surge  absorbers.  They  must  therefore  be  excluded  from  the  calcu- 
lations of  ground  resistance  discussed  in  Paragraph  4.6.1. 


4.3.2  Central  Office  Ground 
ductors  connecting  the 
be  buried  a  minimum  2.5  ft.  (0 
building  through  a  nonmetallic 
straight  line  with  no  splices 
See  Paragraph  8  for  a  discussi 
and/or  radio/microwave  towers 
central  office  ground  field  ou 


Field:  The  outdoor  portion  of  the  ground  con- 
central  office  ground  field  to  the  MGB  should 
.76m)  below  finished  soil  grade  and  enter  the 
conduit.  The  conductor  should  be  placed  in  a 
to  reduce  the  impedance  to  fast  rising  surges, 
on  of  ground  conductors.  When  lightning  rods 
are  provided  these  should  be  connected  to  the 
tside  the  building  as  described  below. 


4.3.2.1  Lightning  Rod  Ground:  Lightning  rod  systems  are  grounded  via  a 
separate  dedicated  ground  field.  A  bond  should  be  provided  between 

the  central  office  and  lightning  rod  ground  fields,  to  minimize  inductive 
noise  coupling,  reduce  the  chance  of  flashover,  and  provide  protection  for 
personnel  and  equipment.  The  connection  point  between  the  two  ground  fields 
should  be  accessible  to  permit  temporary  disconnection  for  earth  resistance 
measurements.  The  preferred  location  for  this  connection  is  where  the 
conductor  between  the  central  office  ground  field  and  the  MGB  is  connected  to 
the  ground  field.  An  easily  accessible,  permanent  handhole  closure  is  recom- 
mended for  this  connection.  The  conductors  should  follow  the  most  direct 
route  with  a  minimum  of  bends.  See  Figures  2  and  6. 

4.3.2.2  Radio/Microwave  Tower  -Ground:  A  bond  should  be  provided  between  the 
central  office  ground  field  and  the  radio/microwave  tower  ground  for 
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the  same  reasons  discussed  above.  All  provisions  for  this  grounding  should  be 
identical  to  those  described  in  Paragraph  4.3.2.1.  Where  both  lightning  rod 
and  tower  ground  systems  exist,  both  systems  may  be  connected  to  the  central 
office  ground  field  in  the  same  handhole  closure. 

4.3.3  Central  Office  Metallic  Water  System:  It  is  important  to  bond  to  the 
central  office  metallic  water  system,  where  one  exists,  to  comply  with 

National  Electrical  Code  (NEC)  requirements.  This  also  provides  an  additional 
low  resistance  connection  to  earth  ground.  When  no  water  system  is  present  in 
the  building,  this  ground  connection  may  be  omitted.  If  the  central  office 
water  system  entrance  piping  includes  at  least  10  ft.  (3m)  of  buried  metallic 
pipe  in  direct  contact  with  earth  (1981  NEC  Articles  250-80  and  250-81)  from 
either  a  drilled  well  or  public  water  system  it  will  qualify  as  a  metallic 
water  system.  The  water  system  metallic  entrance  pipe  must  also  be  owned  and 
controlled  by  the  Telephone  Company  if  used  as  a  primary  surge  absorber. 
Ground  wire  connections  should  be  made  to  the  main  entrance  pipe  of  the  water 
system.  When  there  is  a  water  meter  or  insulating  joint  in  the  pipe  a  bypass 
bonding  wire  should  be  installed  to  insure  electrical  continuity.  Permission 
from  the  owner  of  the  water  system  is  required  when  the  pipe  on  the  street 
side  of  the  meter  is  not  owned  by  the  telephone  company  or  where  there  is  an 
insulated  coupling  at  the  meter.  The  electrical  service  will  be  bonded  to  the 
water  piping  as  shown  in  Figure  6  to  comply  with  Article  250-80  of  the 
National  Electrical  Code. 

4.3.4  Building  Structural  Ground:  A  connection  should  be  provided  to  the 
building  structural  ground  for  earth  grounding  and  potential 

equalizing  safety  reasons.  This  ground  is  not  considered  to  be  a  primary 
surge  absorber.  A  low  resistance  path  to  ground  is  provided  by  reinforced 
concrete  that  is  in  direct  contact  with  bare  earth,  such  as  building  footings. 
Structural  steel  used  in  some  buildings  can  have  voltage  differences  from 
equipment  frames  installed  in  the  building.  This  occurs  when  equipment  frames 
rise  in  voltage  due  to  current  surges  through  the  MGB  or  when  lightning 
strikes  the  structure.  During  building  construction,  rebars  should  be  lashed 
to  steel  column  anchor  bolts  at  each  floor/roof  level.  Connection  to  the 
steel  columns  should  be  made  between  the  nearest  accessible  point  and  the  MGB. 
Ground  wire  connections  should  be  made  directly  to  the  rebar  during 
construction  of  new  reinforced  concrete  buildings  containing  no  steel  columns. 

4.4  Non-IGZ  Grounds  (N  section  of  MGB):  The  N  section  is  primarily  a  common 

voltage  reference  point  to  which  all  non-IGZ  equipment  frames  are 
connected.  The  single-point  grounding  system  is  designed  to  confine  all 
lightning  and  surge  currents  to  the  P  and  A  sections  of  the  MGB.  The 
connections  to  the  N  section  prevent  voltage  differences  between  equipment 
racks,  etc.  in  the  non-IGZ  area.  Surge  currents  and  shock  hazards  for 
personnel  in  the  building  are  thereby  effectively  minimized.  All  equipment 
frames,  ironwork,  and  other  exposed  metallic  surfaces  that  could  become 
energized  are  bonded  to  the  MGB  at  this  point.  The  N  section  is  also  the 
connection  for  equalizing  voltages  on  the  positive  (+)  central  office  power 
bus.  This  connection  between  the  positive  (+)  battery  terminal  and  the  MGB  is 
not  normally  a  d-c  power  current  carrying  conductor  and  is  provided  only  for 
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equalizing  voltage  differences. 

IGZ  Grounds  (I  Section  of  MGB):  The  I  section  of  the  MGB  normally 
should  have  the  least  voltage  variation  of  any  section  along  this  ground 
bar.  All  ground  connections  to  the  GWBs  are  made  in  this  section. 


4.5 


4.6 


Ground  Resistance  Objective:  Reasonable  effort  to  meet  the  objective 
ground  resistance  is  an  important  factor  in  implementing  a  single-point 
grounding  system.  Installation  of  a  perimeter  ground  around  and  outside  the 
building  foundation  perimeter  is  recommended.  Other  types  of  ground  fields 
are  acceptable  where  the  ground  resistance  objective  can  be  met  (reference 
Paragraph  4.6.2) . 

4  6  1  The  combined  central  office  ground  resistance  from  the  three  primary 
surge  absorbers,  as  defined  in  Paragraph  4.3,  should  be  five-ohms  or 
less  when  measured  at  the  MGB  subject  to  the  limitations  of  Paragraph  4.6.2. 
Where  all  three  primary  surge  absorbers  are  provided  at  a  central  office,  tne 
five-ohm  objective  should  be  met  when  any  two  of  the  grounds  are  connected. 
For  central  office  buildings  where  only  two  surge  absorbers  are  available,  the 
objective  for  the  central  office  ground  field  is  five-ohms  or  less.  (See 
TE&CM  Section  802  for  a  discussion  of  grounding  techniques.) 

4.6.2  Establishment  of  a  low  resistance  ground  field  can  be  difficult  at  the 
location  of  some  rural  central  office  buildings.  The  actual  measured 
resistance  to  remote  earth  of  the  ground  field  provides  a  guide  for 
determining  if  it  is  practical  to  attempt  achieving  the  five-ohm  objective 
resistance.  Where  the  measured  value  of  the  ground  field  alone  is  between 
five-and  25-  ohms,  further  efforts  to  reduce  the  resistance  is  not  recom- 
mended. The  work  required  to  reduce  the  resistance  an  additional  one-  or  two- 
ohms  could  be  very  expensive.  When  the  actual  measured  resistance  exceeds  25- 
ohms  additional  effort  should  be  made  to  reduce  the  resistance.  Earth  _ 
resistivity  measurements  should  be  completed  at  various  depths  and  locations 
around  the  building  before  initiating  any  reduction  effort.  Calculation  of 
the  approximate  anticipated  resistance  to  earth  based  on  the  recorded  results 
of  the  measurements  should  be  completed  for  various  ground  configuration  and 
electrode  lengths.  The  results  of  these  calculations  will  indicate  the 
probability  of  attaining  the  objective  ground  resistance.  (Reference  TE&CM 
Section  802). 

4.6.2.1  Following  are  some  techniques  which  may  reduce  the  central  office 
ground  field  resistance: 


a. 
b. 

c. 
d. 


Attach  to  building  rebar  ground. 

Drive  extended  or  sectional  ground  rods  to  a  depth 

of  up  to  32  ft.  (9.75m). 

Establish  a  second  ground  field. 

Install  one  or  more  6  to  10-inch  (15.2  to  25.4  cm)  well 

casings.  These  should  extend  below  the  water  table  level 
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4.6.2.2  Application  of  chemical  soil  treatment,  as  described  in  TE&CM 

Section  802,  is  not  recommended.  Chemical  treatment  is  not 
permanent  and  must  periodically  be  renewed.  Where  chemically  enhanced  grounds 
are  used  a  program  should  be  initiated  to  measure  the  ground  resistance  at  six 
month  intervals  to  insure  they  are  all  still  effective. 

4-6.3  The  resistance  of  the  central  office  ground  field  should  be  deter- 
^   mined  prior  to  selecting  the  specific  equipment  for  installation.  The 
manufacturers  of  equipment  should  be  advised  when  the  five-ohm  central  office 
ground  field  objective  cannot  be  achieved  by  established  methods.  Where 
extraordinary  measures  must  be  taken  to  protect  the  equipment  warranty  the 
added  costs  should  be  considered  as  described  in  Paragraph  1.6. 

5.  CENTRAL  OFFICE  GROUND  WINDOW  BUSBAR  (GWB) 

^'^     '}r   ^^Ji^'P^^ent  grounds  that  originate  inside  the  IGZ  are  terminated  on 
^     the  GWB  which  should  preferably  be  physically  located  inside  the  IGZ  and 
insulated  from  its  support.  The  use  of  a  GWB  which  is  provided  by  the 
equipment  manufacturer  as  an  integral  part  of  the  switching  equipment  is 
acceptable.  Normally  those  ground  conductors  originating  inside  the  IGZ  that 
are  terminated  on  the  GWB  will  be  placed  by  the  personnel  installing  the 
switching  equipment. 

5.2  A  separate  IGZ  should  be  established  with  its  own  GWB  where  additional 
electronic  or  digital  switching  equipment  is  located  in  a  remote  area  of 

the  same  floor  or  on  another  floor  of  the  building. 

5.3  Connect  each  GWB  to  the  MGB  with  a  conductor  following  the  most  direct 
route.  This  grounding  conductor  should  be  2/0-gauge  or  coarser  copper 

with  a  resistance  of  less  than  0.005  ohms.  (Reference  Paragraph  8)  The  use 
of  parallel  conductors  for  redundancy  is  acceptable  as  required  by  the  manu- 
facturer. 

5.4  The  conductors  terminating  on  the  GWB  should  be  suitably  identified  as 
described  in  Paragraph  8.3. 

5.5  The  frame  grounds  of  ONLY  that  switching  equipment  and  associated 
electrical  equipment  located  INSIDE  the  IGZ  should  be  connected  to  the 

GWB  as  may  be  required  by  the  equipment  manufacturer.  This  includes  but  is 
not  limited  to  those  items  described  in  the  following  paragraphs. 

5.5.1  All  metal  framework  of  the  switching  systems  (e.g.,  frames,  cabinets, 
bays,  etc.)  should  be  connected  to  the  GWB.  The  manufacturer's 

recommendations  for  establishing  these  connections  should  be  followed. 

5.5.2  The  cable  racks,  static  control  ground  mats,  discharge  plates,  trans- 
mission equipment,  and  protective  grounds  of  any  other  IGZ  equipment 

that  obtains  power  from  the  main  power  plant  should  also  be  connected  to  the 
GWB.  Any  special  recommendations  from  the  equipment  manufacturer  should  be 
complied  with. 


• 
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5.5.3  The  manufacturer's  instructions  on  isolation  of  the  battery  charger 

framework  ground  from  the  internal  positive  (+)  chassis  connection 
should  be  followed. 


5.5.4  The  a-c  conductors 
all  120  volt  a-c  el 
wire  peripheral  equipment, 
with  normal  "green  wire"  cr 
indicate  the  green  wire  is 
recommendation  for  the  meta 
green  wire  is  handled  in  th 
the  concrete  floors  and  rei 
a-c  conduit  and  protective 
insures  compliance  with  Nat 


including  the  protective  ground  conductors  serving 
ectrical  convenience  receptacles  and  all  direct 
located  in  the  IGZ,  should  be  sized  in  accordance 
iteria.  Each  termination  point  should  be  tagged  to 
a  GWB  isolated  ground  wire.  The  manufacturer's 
llic  racks  within  the  IGZ  will  determine  how  the 
e  IGZ.  The  metallic  racks  may  be  insulated  from 
nforcing  steel  or  connected  to  it.  Routing  of  the 
green  wire  ground  in  the  manner  described  below 
ional  Electrical  Code  requirements. 


5.5.4.1  Racks  insulated  from  building:  The  conduit  carrying  120  volt  a-c 
conductors  into  the  IGZ  should  be  routed  to  a  junction  box  located 

adjacent  to  the  GWB.  The  green  wire  should  be  solidly  connected  to  the 
junction  box  and  a  wire  connection  established  between  the  junction  box  and 
the  GWB.  Use  of  metallic  or  non-metallic  conduit  for  extending  and  bonding 
the  a-c  conductors  into  the  IGZ  is  at  the  option  of  the  manufacturer.  Where 
metallic  conduit  is  used  care  should  be  taken  during  installation  to  assure  it 
is  insulated  from  foreign  grounds  (building  structural  steel  and  reinforced 
concrete  members)  beyond  the  GWB.  There  is  no  need  to  install  isolated  orange 
convenience  receptacles  with  this  configuration  since  everything  beyond  the 
GWB  in  the  IGZ  is  at  GWB  ground  potential.  Isolated  a-c  ground  convenience 
receptacles  may  be  installed  as  required  by  the  manufacturer. 

5.5.4.2  Racks  not  insulated  from  building:  The  conduit  carrying  120  volt 
a-c  conductors  into  the  IGZ  should  be  routed  directly  to  the 

metallic  racks.  Since  these  racks  are  at  the  same  ground  potential  as  the 
conduit  and  green  wire  by  being  connected  to  the  reinforced  concrete  floor 
there  should  be  no  connection  to  the  GWB.  Isolated  a-c  ground  convenience 
receptacles  may  be  installed  as  required  by  the  manufacturer.  Equipment  in 
the  IGZ  should  be  isolated  from  the  metallic  racks  which  are  not  isolated  from 
building  grounds. 


5.5.5  Where  overhead  light 
part  of  or  are  in  el 
associated  green  protective 
isolated  ground  wire  system, 
the  GWB  where  the  connection 
the  GWB  system  need  to  be  is 
reinforced  concrete  members, 
having  no  electrical  contact 
conventional  way  to  the  a-c 


ing  fixtures  located  in  the  IGB  are 
ectrical  contact  with  the  equipment 
ground  wires  should  be  connected  to 

For  convenience,  they  may  also  be 
s  above  do  not  exist.  All  fixtures 
olated  from  building  structural  steel  and 

Green  wires  associated  with  lighting  fixtures 
with  the  equipment  frames  may  be  connected  in  the 
distribution  panel  ground. 


an  integral 
frame(s),  the 
the  GWB 
connected  to 
connected  to 


5.5.6  The  protective  grounds  for  teletypewriters,  cathode  ray  tube  consoles, 
test  equipment  and  other  a-c  powered  devices  located  or  used  within 
the  IGZ  area  are  normally  provided  by  the  green  wire  leads  in  the  attached 
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power  cords.  The  green  wire  pins  should  not  be  removed  from  the  3-wire  power 
cords  of  such  equipment  and  2-wire  adapters  should  not  be  used. 

5.5.7  Every  precaution  should  be  taken  to  insure  the  integrity  of  the 

IGZ.  No  foreign  grounds  should  be  permitted  to  come  into  contact  with 
any  equipment  within  the  IGZ  except  through  the  GWB,  except  as  indicated  by 
the  equipment  manufacturer. 

6.  ISOLATED  GROUND  ZONE  (IGZ) 

6.1  An  isolated  ground  zone  is  defined  in  Paragraph  2.8. 

6.1.1  If  practical,  permanent  markers  should  be  placed  on  the  floor  to 
identify  the  IGZ  boundaries.  Paint  or  tape  of  distinctive  color  such 

as  orange  should  be  used. 

6.1.2  Precautions  should  be  taken  to  insure  that  no  permanent  or  temporary 
ground  connections  are  permitted  to  cross  the  IGZ  boundary  except  as 

defined  in  Paragraph  5.5.4.2. 

6.2  The  metal  framework  associated  with  digital  electronic  central  office 
equipment  and  associated  peripheral  equipment  should  be  installed  and 

bonded  in  accordance  with  the  manufacturer's  requirements.  Some  manufacturers 
require  the  frames  be  isolated  from  the  floor  while  others  permit  anchoring 
directly  to  the  floor. 

7.  MAIN  DISTRIBUTING  FRAME  (MDF) 

7.1  Special  grounding  considerations  are  required  at  the  MDF  to  control 

incoming  surges  and  provide  protection  for  personnel.  The  design  should 
provide  for  this  with  any  of  the  existing  or  new  MDF  protectors  that  are 
available.  The  MDF  is  treated  as  being  outside  of  the  IGZ  in  all  cases. 

7.1.1  MDF  protector  assemblies  should  be  mounted  directly  on  the  vertical 
frame  ironwork.  The  assemblies  mounted  on  each  vertical  should  be 

interconnected  with  a  #6  copper  conductor  to  provide  a  low  resistance  path  for 
surge  currents.  Each  vertical  group  of  protector  assemblies  should  be 
connected  to  the  MDFB  with  a  #6  copper  conductor.  Alternate  means  of 
connection  to  the  MDFB  are  acceptable  which  do  not  rely  on  the  frame  ironwork 
for  conducting  surge  currents  to  ground. 

7.1.2  The  MDFB  should  be  insulated  from  the  ironwork  in  all  cases  where  it 
is  used  as  a  MGB  (paragraph  4.2.2).  The  MDFB  may  be  insulated  from 

its  support  as  required  by  the  CO  manufacturer. 

7.1.3  Protective  "ground  connections"  should  be  provided  between  the  MDFB 
and  frame  ironwork  for  personnel  protection  regardless  of  the  type 

protector  assemblies  used.  The  protective  ground  leads  should  be  14-gauge  and 
less  than  12  in.  (30  cm)  in  length.  Paint  must  be  thoroughly  removed  at 
points  of  connections  to  the  ironwork.  One  connection  should  be  provided  for 
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every  35  ft.  (10  m)  of  frame  length. 

7.1.4  Where  the  MDFB  is  used  as  the  MGB  in  very  small  offices  (Paragraph 

4.2.2)  the  protective  "ground  connections"  (paragraph  7.1.3)  should  be 
connected  in  the  N  section  of  the  bar.  The  MDF  protector  ground  should  be 
connected  to  the  P  section  of  the  bar. 

7.2  Transmission  equipment  termination  and  protection:  Digital  carrier 
equipment  and  sensitive  electronic  pair  gain  systems  should  normally  be 

located  inside  the  IGZ.  Some  carrier  equipment  has  internal  gas  tubes  for 
bypassing  voltage  surges  to  ground.  Equipment  of  this  type  should  be  located 
outside  the  IGZ.  Analog  subscriber  and  station  carrier  equipment,  voice 
frequency  repeaters  and  loop  extenders  are  normally  located  outside  the  IGZ. 
All  equipment  frames  located  outside  the  IGZ  should  be  grounded  through 
connections  at  the  N  section  of  the  MGB.  The  equipment  located  inside  the  IGZ 
should  be  grounded  to  the  GWB. 

7.2.1  Protectors  for  all  carrier  equipment  are  normally  located  on  the  MDF. 
An  exception  may  be  made  to  this  rule.  The  protectors  for  some  toll 
carrier  entrance  cables  are  mounted  in  the  carrier  bays  located  in  a  non-IGZ 
area. 

7.2.1.1  The  termination  of  analog  and  digital  type  toll  carrier  systems  on 
the  same  protector  assembly  is  not  advisable.  This  practice 

minimizes  coupling  that  can  produce  analog  carrier  circuit  noise. 

7.2.1.2  Shields  of  intra-office  cable  connecting  the  MDF  to  carrier  equip- 
ment bays  should  be  open  at  the  MDF  end  and  grounded  at  one  point  to 

the  MGB  or  GWB.  This  grounding  arrangement  provides  electrostatic  shielding 
and  maintains  GWB  integrity. 

7.2.1.3  Separation  of  the  transmit  and  receive  sides  of  the  cable  for 
T-carrier  systems  should  be  maintained.  This  may  be  accomplished 

by  using  compartmental  separation  or  separate  transmit  and  receive  cables  all 
the  way  to  the  MDF  protector  assembly.  Between  that  point  and  the  carrier 
equipment  the  separation  is  usually  maintained  through  use  of  shielded 
jumper^s,  separate  shielded  transmit  and  receive  cables,  or  multipair  cables 
with  individually  shielded  pairs. 

7.3  Entrance  and  Tip  Cables:  The  most  important  characteristics  of  tip 
cables,  from  a  protection  standpoint,  are  resistance  to  flammability  and 

ease  of  termination.  They  should  also  be  chemically  compatible  (i.e.,  should 
not  chemically  react)  with  the  outside  plant  cables.  They  should  be  gauged  as 
described  in  Paragraph  7.3.2. 

7.3.1  Most  REA  accepted  polyvinyl  chloride  (PVC)  insulations  and  jacket 

formulations  used  in  telephone  cables  have  adequate  flame  resistance. 
They  can,  however,  be  destructively  damaged  chemically  by  cable  filling  com- 
pounds that  are  in  common  use.  Polypropylene  and  polyethylene  insulation, 
polyethylene  jackets,  and  some  filling  compound  types  will  promote  combustion. 
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Use  of  filled  cables  in  switchboard  rooms  should  be  avoided  due  to  fire 
hazard   Because  of  these  considerations,  nonfilled  PVC  insulated  and  jacketed 
cables  (or  other  insulation  with  equivalent  flame  resistance)  are  preferred 
for  use  inside  central  office  buildings  and  for  terminations  on  the  MDF   For 
compatibility  reasons,  polyethylene  grease  (low  molecular  weight  polyethylene) 
and  petroleum  jelly  (petrolatums)  filled  cables  should  not  be  spliced  to 
conductors  insulated  with  PVC.  PVC  jacketed  tip  cables  currently  available 
are  not  usually  suitable  for  outdoor  use  because  of  their  low  resistance  to 
ultraviolet  attack  and  their  tendency  to  become  brittle  at  low  temperatures. 

7.3.2  The  recommended  precedure,  for  use  with  either  filled  or  nonfilled 
24-gauge  or  smaller  gauge  polypropylene  and  polyethylene  insulated 

outside  plant  cables,  is  to  use  a  special  22-gauge  polyethylene  insulated  PVC 
covered  conductor  tip  cable  with  a  PVC  outer  jacket  (ALVYN^),  or  equivalent 
in  place  of  PVC  insulated.  Only  those  cables  accepted  by  REA  that  are 
included  in  the  REA  List  of  Materials  should  be  used.  With  this  arrangement 
if  the  outside  cables  are  filled,  the  outer  PVC  covering  of  the  tip  cable 
conductors  can  be  attacked  by  the  filling  compound.  It  may  crack  in  the 
immediate  vicinity  of  the  splice  after  having  been  in  place  for  sometime. 
Tests  have  shown  that  the  polethylene  insulation  on  the  wire  beneath  the'pVC 
covering  will  remain  intact  and  retain  adequate  dielectric  strength   This 
provides  an  electrically  satisfactory  splice  in  spite  of  the  loss  of  the  thin 
PVC  outer  layer.  The  portion  of  the  tip  cables  run  in  the  office  and 
terminated  on  the  MDF  retain  their  PVC  covering  and  remain  flame  resistant. 

7.3.3  If  the  first  sections  of  the  outside  plant  cables  are  coarser  than 
24-gauge  an  additional  splice  would  be  needed  to  install  a  fuse  link 

between  the  tip  cables  and  each  outside  plant  cable  coarser  than  24-gauge. 
Fuse  links  are  typically  24-gauge  and  have  a  minimum  length  of  4  ft.  (1.2m)  as 
shown  in  Figure  3.  The  additional  splices  are  expensive  and  undesirable. 
Therefore,  they  should  be  avoided  when  possible.  One  means  of  avoiding  the 
extra  splice  is  to  use  a  24-gauge  entrance  cable  between  the  office  and  riser 
pole,  manhole  or  pedestal  outside  the  office. 

7.3.4  In  the  event  that  neither  a  cable  vault  nor  a  splicing  trough  exists, 
the  outside  olant  cables  should  be  brought  into  the  central  office  and 

spliced  to  the  ALVYN''  or  equivalent,  tip  cables  as  close  a  practicable  to  the 
cable  entrance.  When  this  design  is  used,  the  entrance  of  the  outside  plant 
cable  into  the  building  and  the  splice  itself  should  be  enclosed  in  a 
fireproof  box  mounted  on  the  inner  side  of  the  building  wall  as  shown  in 
Figure  4. 

7.4  Protection:  Incoming  cable  pairs  terminated  on  MDF  protector  assemblies 
should  be  protected  with  protector  modules.  These  modules,  which 
connect  an  arrestor  between  each  cable  conductor  and  ground,  effectively  limit 
foreign  potentials  that  will  reach  the  equipment  in  the  office.  The  modules 
should  contain  white  coded  carbon  blocks  or  orange  coded  gas  tube  arrestors 
that  are  included  in  the  REA  List  of  Materials.  These  arrestors  breakdown  at 
less  than  lOOOV  under  surge  conditions. 
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7.4.1  Cable  pairs  associated  with  carrier,  loop  extenders,  voice  frequency 
repeaters,  special  circuits  or  "stand  alone"  tone-to-pulse  converters 

should  be  protected  with  orange  coded  gas  tube  protector  modules.  This  equip- 
ment is  tested  to  withstand  only  the  maximum  voltage  passed  by  these  modules. 
Past  experience  with  most  electronic  equipment  has  shown  there  is  very  little 
margin  above  the  test  level.  Other  types  of  special  high  voltage  gap 
protection  as  recommended  by  the  equipment  manufacturer  are  acceptable. 

7.4.2  Electromechanical  central  office  equipment  has  generally  had  an 
adequate  dielectric  strength  margin  to  withstand  more  than  the  maximum 

voltage  passed  by  listed  arrestors.  Because  of  this  there  have  been  instances 
where  blue  coded  carbon  block  arrestors  were  used  (contrary  to  REA  recom- 
mendations) without  causing  problems.  However,  there  have  been  reports  of 
electronic  equipment  failures  in  these  same  offices  equipped  with  blue  coded 
arrestors.  The  replacement  of  existing  blue  coded  with  white  coded  carbon 
block  arrestors  is  essential  when  an  existing  mainframe  is  retained  for 
protection  of  a  new  electronic  digital  switch. 

7.5  Current  Limitation:  Mainframe  protectors  which  are  included  in  the 
"List  of  Materials  Acceptable  for  use  on  Telephone  Systems  of  REA 

Borrowers  (Item  nm)  are  capable  of  carrying,  without  hazard,  the  sustained 
current  which  may  result  from  commercial  a-c  power  contacts  to  outside  plant 
cable  having  22-gauge  or  finer  wire.  There  are  a  number  of  MDF  protectors 
available  on  the  market  which  do  not  have  adequate  current  carrying 
capability.  It  is  important  that  the  borrower's  engineer  ascertain  that  the 
MDF  protectors  delivered  by  the  COE  contractor  are  actually  on  the  List  of 
Materials. 

7.6  Heat  Coils:  Since  1966  REA  has  strongly  recommended  that  MDF  pro- 
tectors be  furnished  without  heat  coils.  Historically,  heat  coils  were 

used  as  protection  against  current  surges.  Laboratory  tests  have  proven  that 
heat  coils  do  not  protect  line  relays  under  the  large  majority  of  fault 
current  conditions  that  can  occur  in  actual  telephone  systems.  Further,  heat 
coils  and  fuse  links  offer  little,  if  any,  protection  for  today's  electronic 
switching  components.  Since  heat  coils  are  "high  maintenance"  items  compared 
to  fuse  links,  the  latter  are  preferred  for  meeting  National  Electrical  Code 
objectives  in  the  CO.  Heat  coils  should  not  be  used  with  carrier  frequency 
pairs  due  to  high  frequency  attenuation.  The  addition  of  heat  coils  increases 
the  cost  of  the  telephone  system  with  virtually  no  protection  benefits. 

8.  GROUND  CONDUCTOR  SIZING,  ROUTING  AND  TERMINATING 

8.1  The  point  of  reference  for  sizing  all  protective  ground  conductors 

except  green  wire  conductors  and  dc  power  conductors  is  the  MGB.  To 
determine  the  appropriate  conductor  size  first  establish  the  distance  between 
the  two  points  of  connection  via  the  desired  route  (i.e.,  between  the  MGB  and 
CEGB).  Next  refer  to  Figure  6  to  determine  the  resistance  objective  between 
the  two  points.  Finally  from  Table  A  find  the  wire  size  with  a  maximum 
footage  for  the  desired  resistance  objective  equal  to  or  greater  than  the  wire 
distance  between  the  two  points.  Use  of  Table  A  or  calculated  resistance 
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values  are  permissible  in  lieu  of  measurement, 
following  paragraphs  are  also  recommended. 


The  general  guidelines  in  the 


c 


8.1.1  The  finest  recommended  conductor  size  is  6-gauge,  except  for  the 
14-gauge  protective  grounds  at  the  MDF  described  in  paragraph  7.1.3. 

8.1.2  The  conductor  between  the  MGB  and  GWB  should  always  be  2/0  gauge  or 
coarser.  The  suggested  size  provided  in  this  paragraph  pertains  to 

protective  ground  conductors  only  -  not  to  d-c  power  conductors.  The  maximum 
resistance  of  this  conductor  should  be  less  than  0.005  ohms. 

8.1.3  The  conductor  between  the  MGB  and  the  neutral  ground  bar  in  the  a-c 
service  entrance  panel  board  should  always  be  2/0  or  coarser.  The 

maximum  resistance  of  this  conductor  should  not  exceed  0.005  ohms. 

8.1.4  The  maximum  conductor  resistance  from  the  MGB  to  the  initial  point 
of  connection  with  all  surge  producers  should  not  exceed  0.01  ohms. 

8.1.5  The  maximum  conductor  resistance  from  the  MGB  to  the  point  of  con- 
nection with  all  surge  absorbers  should  not  exceed  0.01  ohms,  except 

as  described  in  Paragraph  8.1.3. 

8.1.6  The  maximum  conductor  resistance  from  the  MGB  to  the  point  of  con- 
nection with  all  equipment  grounds  should  not  exceed  0.01  ohms. 

8.1.7  Where  an  intermediate  ground  bar  (IGB)  or  connection  is  provided,  the 
0.01  ohm  objective  should  be  divided  on  either  side  of  the  IGB 

or  connection. 

8.2  The  planning  and  installation  of  the  wiring  is  critical  to  the  pro- 
vision of  an  effective  grounding  system.  Care  should  be  taken  to 
minimize  induction  that  may  appear  in  grounding  system  wiring.  Recommended 
guidelines  for  installation  of  grounding  system  conductors  include: 

8.2.1  Ground  conductors  should  be  insulated  to  permit  integrity  testing. 
Conductors  should  also  be  free  of  splices.  If  splices  must  be  made 

only  compression  connectors  or  exothermic  welding  should  be  used. 

8.2.2  Ground  conductors  should  be  routed  in  a  manner  that  will  avoid 

Tharp  or  right  angle  bends.  Routes  should  follow  the  most  dTfect  path 
with  gradual  bends  to  minimize  the  inductive  reactances  that  tend  to  impede 
surge  currents  and  reduce  the  overall  effectiveness  of  the  grounding  system. 

8.2.3  Ground  conductors  except  the  green  wires  and  d.c.  power  conductors, 
should  not  be  routed  closely  parallel  to  other  conductors  in  the 

office  so  as  to  minimize  induction  of  surges  into  equipment  wiring.  These 
conductors  should  not  be  routed  through  cable  racks  or  troughs,  or  within 
confines  of  any  iron  work. 
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8  2  4  The  ground  conductor  should  only  be  placed  in  nonmetallic  conduit. 

If  it  must  be  routed  through  metallic  conduit  both  ends  of  the  conduit 
should  be  bonded  to  the  grounding  conductor.  Further  ground  conductors  should 
not  be  encircled  with  metal  clamps.  This  is  essential  to  eliminate  the  high 
inductive  reactance  that  will  impede  the  flow  of  surge  current  along  the 
conductor. 

8  2.5  Wire-to-wire  and  wire-to-ground  rod  connections  should  be  made  only 
with  compression  connectors  or  exothermic  weld  connections.  Solder 
joints  should  not  be  used  for  any  central  office  system  grounding  connection. 

8.2.6  Wire-to-bonding-bar  (busbar)  connections  should  be  made  with  lugs 

that  have  a  compression  connectors  or  exothermic  weld  connection.  The 
luqs  should  have  bolt-on  provisions  for  the  busbar  connections  using  copper 
bolts  and  nuts.  Periodically,  some  of  the  busbar  connections  may  be  removed 
for  test  purposes. 

8.3  It  is  desirable  that  the  following  stencilling  and  tagging  be  provided 
for  simplification  of  maintenance  and  testing: 

8  3  1  Permanent  adhesive  cable  labels  or  suitable  plastic  tags  should  be 

provided  on  ground  wire  leads  at  all  busbars  to  identify  the  origin  of 

each  conductor.  ,^  ^   .  .  . .^.  .     ^. 

8.3.2  The  location  for  each  ground  conductor  should  be  identified  on  eacn 
ground  bar  by  permanent  adhesive  label  or  stencilling. 

8.3.3  The  designated  P,  A,  N  and  I  segments  of  the  MGB  should  be  clearly 
identified. 

8  3.4  Permanent  identification  tags  should  be  placed  on  lightning,  CO  and 

radio/microwave  ground  leads  at  their  accessible  points  of  connection 
to  the  central  office  ground  field  outside  the  CO  building. 

9.  POWER  SERVICE  PROTECTION 

9  1  The  minimum  protection  for  a.c.  power  serving  central  office  buildings 

should  consist  of  a  suitable  arrestor  in  the  electric  power  secondary 
circuit.  The  borrower  is  responsible  for  determining  that  the  characteristics 
of  the  secondary  power  arrestor  coordinate  with  the  dielectric  strength  and 
surge  current  carrying  ability  of  all  items  of  ac  powered  equipment  in  the 
central  office.  These  items  would  include  heating,  air  conditioning  equip- 
ment etc.  This  normally  means  a  secondary  power  arrestor  having  a  surge 
breakdown  not  exceeding  1800  volts  peak,  and  a  valve  device  to  prevent  power 
follow  curv-ent.  At  least  one  secondary  arrestor  is  available  which  will 
breakdown  on  1200  volts  or  less.  Lower  breakdown  arrestors  may  be  more 
expensive  than  the  1800  volt  arrestor.  However,  when  the  condition  described 
in  Paragraph  9.3.1  exists  with  equipment  that  can  withstand  1200  volts, 
adequate  protection  may  be  provided  with  only  a  1200  volt  secondary  arrestor 
at  less  cost  than  that  of  the  combination. 
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9.2  In  some  instances  a  secondary  power  arrestor  may  be  provided  by  the 
power  company  to  protect  its  watt-hour  meter  at  the  building  service 

entrance.  These  devices  may  not  be  suitable  for  protecting  central  office 
equipment  because  they  are  usually  designed  to  coordinate  only  with  the 
dielectric  strength  of  watt-hour  meters  (usually  9  to  10  kV).  This  is 
normally  too  high  for  telephone  power  equipment. 

9.3  The  use  of  a  secondary  arrestor  to  protect  the  a-c  power  service 
entering  a  central  office  building  is  strongly  recommended.  Some 

secondary  arrestors  have  a  rapid  response  and  coordinate  readily  with  normal 
a-c  powered  equipment.  They  may  be  mounted  either  at  the  weather  head  or  at 
the  load  center.  Others  have  poorer  characteristics  and  must  be  mounted  at 
the  weather  head,  with  at  least  20  ft.  (5m)  of  steel  conduit  separating  the 
arrestor  from  the  load  center  to  assure  proper  operation. 

9.3.1  If,  after  the  installation  of  a  secondary  arrestor,  power  failures 
are  still  experienced  from  surges  on  the  a-c  bus,  a  supplementary 
protector;  as  shown  in  Figure  5,  should  be  applied  to  the  affected  branch 
circuit.  Recommended  supplementary  protection  consists  of  a  maximum  duty  gas 
tube  in  series  with  self-restoring  circuit  breakers  or  an  impedance,  to 
prevent  the  tube  from  holding  over  after  the  surge  has  passed. 

10.  RADIO  OR  MICROWAVE  INSTALLATIONS 

10.1  Radio  or  microwave  towers  which  are  located  on  or  in  close  promixmity 

to  CO  buildings  require  special  protective  considerations.  Their 

height  and  conductivity  increases  the  probability  of  a  direct  liqhtnina 
strike.  '  ^ 

10.2  Details  for  the  protection  of  the  tower  and  associated  equipment  are 
covered  in  TE&CM  825,  Paragraph  5. 

10.3  It  is  important  for  protection  of  the  central  office  equipment  that  the 
tower  grounding  system  be  bonded  to  the  CO  grounding  system.  This 

connection  should  be  made  outside  the  building  as  described  in  Paragraph 
4.3.2.  Thus  a  direct  strike  to  the  tower  should  be  diverted  to  the  grounding 
system  rather  than  enter  the  office. 

11.  ELECTROSTATIC  &  ELECTROMAGNETIC  FIELD  EFFECTS 

11.1  Static  electricity  is  the  accumulation  of  stationary  electrical  charge 
on  a  body  or  conducting  medium  created  by  physical  motion  such  as 

drawing  a  comb  through  hair.  Even  circulating  air  currents  can  cause  a  charge 
buildup,  especially  during  periods  of  low  humidity.  The  electrostatic  charge 
is  discharged  by  grounding  the  charge  storing  medium. 

11.2  Many  circuits  packs  used  in  electronic  or  digital  switching 
equipment  contain  active  devices  such  as  field  effect  transistors 

(FET),  metal  oxide  semiconductors  (MOS)  and  complementary  metal  oxide 
semiconductors  (CMOS).  These  static-sensitive  components  can  be  permanently 
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damaged  when  voltages  higher  than  their  breakdown  point  are  applied  to  them. 
The  human  body  can  develop  and  store  a  charge  of  up  to  40,000  volts  by  walking 
across  a  nonconductive  floor  during  periods  of  low  humidity.  Because  of  this, 
special  provisions  should  be  applied  to  prevent  circuit  component  damage  from 
this  potential  hazard  when  handling  printed  circuit  cards  designated  by  the 
supplier  to  be  sensitive  to  static  discharge. 

11.3  The  accumulation  of  electrostatic  discharge  by  a  body  may  be  reduced  in 
a  confined  area  such  as  a  central  office  by  increasing  the  relative 

humidity.  Body  electrostatic  accumulation,  at  60%  relative  humidity,  is 
minimal.  Even  at  this  excessive  humidity  level  there  is  no  guarantee  the 
electrostatic  build  up  is  eliminated.  Further,  the  humidity  may  also  cause 
equipment  contamination,  corrosion,  or  leakage  path  problems  on  the  printed 
circuit  cards  and  associated  components.  Such  problems  can  produce  either 
permanent  or  intermittent  troubles. 

11.4  There  are  two  kinds  of  electrostatic  conditions  that  produce  equipment 
problems;  direct  arc  into  the  electronic  equipment,  and  radiated  energy 

that  reaches  circuits  through  electric  and  magnetic  field  coupling. 
Discharged  electrostatic  energy  can  create  a  localized  voltage  (electric) 
field  and  current  (magnetic)  field  in  adjacent  circuit  cards.  Both  types  of 
fields  can  cause  permanent  equipment  damage  and/or  logic  circuit  errors. 

12.  GENERAL  ENVIRONMENTAL  &  HANDLING  REQUIREMENTS  FOR  ELECTROSTATIC  - 
SENSITIVE  EQUIPMENT 

12.1  Proper  environmental  and  handling  considerations  for  electrostatic 
sensitive  equipment  are  essential  to  prevent  component  damage  and 

switch  down  time.  The  general  procedures  recommended  in  Paragraphs  12.2  and 
12.3  will  reduce  the  probability  of  equipment  damage. 

12.2  The  following  environmental  conditions  should  be  provided  where 
possible: 

12.2.1  Appropriate  relative  humidity  levels  should  be  maintained  since 
static  charges  accumulate  more  readily  under  s/ery  dry   climatic 

conditipns.  Refer  to  the  equipment  manufacturer's  relative  humidity  recom- 
mendations. 

12.2.2  Adequate  air  and  dust  filters  should  be  installed  in  air  ducts. 

12.3  The  following  precautions  should  be  observed  when  performing  building 
and  equipment  maintenance  procedures: 

12.3.1  Grounding  straps  should  be  worn  when  handling  printed  circuit  cards 
designated  by  the  manufacturer  as  being  susceptible  to  damage.  Refer 

to  the  equipment  manufacturer's  procedures  relating  to  this  subject. 

12.3.2  Grounded  conductive  floor  tiles  or  mats  should  be  installed,  where 
required.  The  conductive  floor  tile  manufacturer's  recommendations 
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should  be  followed  for  installation  connection  to  ground,  and  maintenance  of 
the  floor  to  preserve  conductivity. 

12.3.3  Printed  circuit  cards  should  not  be  touched  or  handled  by  their 
components  or  connector  pins. 

12.3.4  The  repair  or  modification  of  circuit  cards  should  not  be  attemoted 
in  the  local  office.  Units  should  be  returned  to  the  manufacturer 

for  repair  if  tests  have  been  made  which  show  that  particular  cards  are 
defective.  An  adequate  stock  of  spares  should  be  maintained  in  proper  storaae 
containers.  ^ 

12.3.5  Conductive  printed  circuit  card  containers  should  be  used  as  recom- 
mended by  the  equipment  manufacturer. 

12.3.6  Where  the  Enable/Disable  feature  is  provided  and  the  manufacturer 
recommends  no  card  should  be  inserted  or  removed  until  the 

Enable/Disable  switch  is  in  the  disable  position  and/or  the  card  slot 
connection  is  disabled  by  software  command. 

12.3.7  Only  the  grounded  conventional  or  isolated  a-c  ground  convenience 
outlets  located  in  the  IGZ  may  be  used  for  operating  tools,  test 

equipment  and  custodial  equipment  inside  the  IGZ.  Refer  to  the  equipment 
manufacturer's  instructions  regarding  the  use  of  a-c  tools  or  test  equipment 
in  the  equipment  area. 

12.3.8  Steel  wool,  steel  wool  pads  or  dry  untreated  cloths  or  mops  for  floor 
maintenance  should  not  be  used. 

12.3.9  Defective  fluorescent  lighting  components  should  be  replaced.  These 

include  defective  starters,  flickering  fluorescent  tubes, or  noisy 

ballast  transformers.  Failure  to  replace  these  items  may  introduce  noise  into 
power  supply  lines  and  systems. 

12.4  The  following  precautions  should  be  observed  when  operating  motor 
driven  devices  in  the  central  office  building: 

12.4.1  All  cleaning  equipment  and  motor  driven  tools  should  be  in  good 
working  order. 

12.4.2  Motor  driven  devices  should  all  have  grounded  3-conductor  cords  to 
bleed-off  static  charges  or  brush-noise  generated  radio  frequency 

transients. 

12.4.3  Motors  that  are  not  an  integral  part  of  the  manufacturers  switching 
equipment  should  not  be  started,  operated  or  stopped  inside  the  IGZ. 

12.4.4  Equipment  should  be  removed  from  service  when  adding  or  removing 
wire-wrap  connections.  Where  this  is  not  possible,' manual  or 

pneumatic  wire-wrapping  tools  with  insulated  bits  should  be  used. 
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12.4.5  Tools  with  Silicon  Controlled  Rectifier  (SCR)  motor  speed  controls 

should  not  be  used.  The  SCR  can  cause  transients  in  the  power  supply 
line  and  generate  magnetic  fields. 


12.5  The  following  precautions  should  be  observed  for  magnetic  tapes 
discs,  and  other  memory  devices: 


floppy 


12.5.1  Motor  driven  equipment  should  not  be  located  adjacent  to  tape 
transports  or  memory  devices.  An  extra  long  hose  should  be  used  when 

vacuuming  with  the  cleaner  itself  located  several  feet  outside  of  the  IGZ. 

12.5.2  Magnetic  apparatus  such  as  recording  tapes  and  tape  transports  should 
not  be  exposed  to  the  magnetic  fields  produced  by  such  items,  for 

example,  as  flashlights,  magnetic  screwdrivers  or  electric  motors. 

12.5.3  Magnetic  tapes  should  be  stored  in  radio  frequency  tight  high  mu 
ferrous  metal  cabinets  to  avoid  information  loss. 

13.  DISCHARGE  PLATES 

13.1  For  protection  of  static  sensitive  equipment,  all  personnel  should 
fully  discharge  any  static  charge  on  their  body  before  touching  or 
handling  any  part  of  the  switch.  This  is  especially  important  in  common 
control  areas.  Central  office  personnel  when  working  in  the  switching  area 
should  touch  the  nearest  discharge  plate  before  touching  any  part  of  the 
switch  when  required  by  the  equipment  manufacturer. 


13.2 
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Installation  of  electrostatic  discharge  plates  should  be  considered 
where  they  have  not  been  provided  by  the  equipment  manufacturer.  They 
not  be  installed  until  the  manufacturer  has  been  consulted  for  recom- 
ons  on  locations  and  ground  connections.  The  shape  and  method  of 
ng  the  plates  should  be  accomplished  in  a  manner  that  will  not  create 
ard  to  personnel  or  limit  access  to  the  equipment.  Personnel  discharge 
should  be  located,  where  practical,  at  intervals  within  an  arms  length 
maintenance  location. 


13.3  Supplemental  discharge  plates  may  also  be  provided  by: 

13.3.1  Hinged  metallic  doors  when  they  are  grounded  with  a  14-gauge  con- 
ductor to  the  building  structural  steel  or  the  MGB.  Conductive  paint 

should  be  applied  to  the  doors  and  metallic  door  knobs  should  be  left  bare. 

13.3.2  Light  switches  and  a-c  power  outlets  with  metallic  plates/covers 
which  are  electrically  connected  to  the  grounded  green  wire  inside 

the  electrical  box. 

13.4  Warning  Signs:  Appropriate  warning  signs  should  be  posted  on  all 
equipment  area  entry  doors  and  inside  the  CO  where  they  can  be  easily 

seen  without  creating  a  safety  hazard.  The  signs  should  be  worded  to  warn 
personnel  of  the  electrostatic  sensistive  area  and  the  need  for  discharging 
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body  static  before  handling  equipment. 

14.  APPLICATION  TO  ELECTROMECHANICAL  SYSTEMS 

14.1  The  principles  described  in  this  practice  may  be  selectively  applied 
to  electromechanical  switching  systems.  It  is  especially  valuable 

where  it  has  been  historically  difficult  to  protect  from  power  and  lightning 
surges.  The  only  principle  that  should  not  be  applied  is  the  IGZ  arrangement 
unless  there  is  voltage  sensitive  equipment  in  the  system. 

14.2  It  is  recommended  that  some  provisions  of  the  protection  methods 
described  in  this  practice  be  applied  to  all  electromechical  switch inq 

systems.  ^ 

14.2.1  A  connection  between  the  ac  neutral  ground  bar  in  the  ac  service 
entrance  panelboard  and  the  MGB  should  be  established. 

14.2.2  An  earth  ground  as  low  as  is  practical  for  the  area  in  which  the 
office  is  located  should  be  provided.  (See  Paragraph  4.6.) 

14.2.3  Bonding  should  be  provided  outside  of  the  building  between  radio/ 
microwave  tower  grounds,  lightning  rod  grounds  and  the  central  office 

ground  fields. 

14.2.4  Common  bonding  of  metallic  system  components  should  be  provided  as 
recommended  by  the  National  Electrical  Code. 

14.2.5  Grounding  conductors  should  be  routed  as  described  in  Paragraph  8.2. 

14.3  Other  portions  of  the  protection  method  may  be  provided  on  an  optional 
basis,  depending  on  the  specific  needs  and  limitations  of  the 

installation. 

14.3.1  In  electromechanical  systems  the  MGB  and  the  GWB  may  be  combined  in  a 
single  bar. 

14.3.2  The  removal  of  the  charger  frame  ground  strap  to  the  positive  (+) 
terminal  is  optional. 

14.3.3  Establishment  of  a  small  IGZ  may  be  desirable  where  there  are  types 
of  voltage-sensitive  electronic  equipment  requiring  special 

protection.  An  electronic  line  concentrator  that  has  a  record  of  protection- 
related  failures  might  be  treated  in  this  manner. 

14.4  Where  electromechanical  equipment  is  collocated  with  electronic 
switching  equipment,  the  electronic  equipment  should  be  protected  as 

described  in  this  practice.  The  electromechanical  equipment  should  be  treated 
as  described  in  paragraph  14.1-14.3  except  the  Paragraph  14.3.2  option, 
hurther,  the  equipment  should  be  grounded  to  the  N  section  of  the  MGB. 
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APPENDIX  A 
VOLTAGE  EFFECTS  FROM  RISING  SURGE  CURRENTS 


1.  GENERAL 

1.1  This  appendix  provides  a  discussion  of  the  voltage  effects  on  grounding 
conductors  from  self  inductance  in  the  presence  of  high  surge  currents 

with  fast  rise  times.  The  discussion  is  designed  to  provide  a  better  under- 
standing of  the  basis  for  some  of  the  general  rules  relating  to  routing  of 
grounding  conductors  in  central  office  buildings. 

1.2  Every  conductor  has  self  inductance  which  provides  an  impedance  to 
lightning  and  other  surges.  A  significant  voltage  difference  will  occur 

between  the  ends  of  a  grounding  conductor  during  the  period  a  surge  current  is 
flowing.  This  potential  difference  should  not  appear  across  sensitive 
electronic  equipment.  Further  points  in  the  overall  grounding  system,  between 
which  the  potential  can  appear,  should  not  be  located  so  personnel  can  touch 
both  simultaneously. 

2.  SELF-INDUCTANCE 

2.1  The  self  inductance  (Lg)  of  a  solid,  round,  non-magnetic  and  straight 
ground  wire  in  air  or  plastic  conduit  may  be  approximated  with: 


Where; 


Lg  =  0.06U  hogg  48^  -  0.95J 

Lg  =  Self  inductance  in  microhenries  (  H) 
a  =   Wire  length  in  feet 
d  =  Wire  diameter  in  inches 


(1) 


2.1.1  All  grounding  connections  in  a  typical  small  rural  central  office  can 

probably  be  made  using  only  #6  (0.162"  (0.4cm)  diameter)  and  2/0 
(0.3648"  (0.927cm)  diameter)  conductors.  Lengths  of  30  ft.  (9.1m)  might  be 
required  for  some  connections.  From  equation  (1)  the  self  inductance  for  30 
ft.  (9.1m)  of  #6  wire  is  14.9  yH  and  with  2/0  is  13.4  yH. 

2.2  The  self  inductance  (Lg)  of  a  ground  wire  in  steel  conduit  where  ends 
of  conduit  are  not  bonded  to  wire  is  given  as: 


Lg  =  0.06U  (log  W  -  0.95  +  1200  log^  d^ 


(2) 


^ 


Where : 


1200  =  permeability  of  iron  (estimated) 


"1  _ 


outside  diameter  (OD)  of  conduit  in  inches 
inside  diameter  (ID)  of  conduit  in  inches 


REA  TE&CM  810 
Page  24 


2.2.1  The  self  induction  of  the  30  ft.  (9.1m)  lengths  of  #6  and  2/0  wire 
encased  in  unbonded  rigid  steel  conduit  with  an  OD  of  1.315in  (3.34cm) 

and  ID  of  1.049in  (2.66cm)  may  now  be  determined  from  equation  (2).  The  self 
inductance  of  the  #6  wire  is  511.2  yH  and  2/0  is  509.7  yH. 

2.2.2  A  grounding  conductor  30  ft.  (9.1m)  long  would  not  likely  be  placed 
in  steel  conduit.  A  more  common  use  of  conduit  is  for  carrying  the 

conductor  through  a  wall  via  a  one  foot  (0.3m)  length.  A  one  foot  (0.3m) 
length  of  #6  wire  through  a  one  foot  (0.3m)  unbonded  rigid  steel  conduit  will 
have  a  self  inductance  of  16.8  yH  and  2/0  will  have  16.8  yH.  The  self 
inductance  of  one  foot  (0.3m)  of  wire  in  steel  conduit  is  higher  than  for  30 
ft.  (9.1m)  of  bare  wire  in  air. 

3.  VOLTAGE  LEVEL  FROM  SELF  INDUCTANCE 

3.1  The  calculation  of  the  momentary  voltage  that  will  develop  acros*^.  a 
length  of  conductor  using  the  conductor  self  inductance  is  possible 
This  voltage  is  given  by  the  differential  relationship: 


(r 


e  =  L  di 
dt 


(3) 


Where: 


e  =  voltage 

L  =  inductance  (Henries) 

di  =  change  in  current  (Amperes) 

dt  =  change  in  time  (seconds) 


3.1.1 


Assuming  a  moderate  surge  of  2000  peak  amperes  with  a  rise  time  of 
10  microsecond  through  the  30  ft  (9.1m)  bare  wire  described  in 

paragraph  2.1.1,  from  equation  (3),  the  voltage  developed  across  the  wire 

could  be: 


k 


#6  =  2980  volts 
2/0  =  2680  volts 

3.1.2  If  this  wire  is  placed  in  unbonded  30  ft  (9.1m)  rigid  conduit  as 
described  in  Paragraph  2.2.1  the  voltage  developed  would  be: 

#6  =  102,240  volts 
2/0  =  101.940  volts 

3.1.3  Study  of  the  example  described  in  Paragraph  2.2.2  where  a  one  foot 
(0.3m)  length  of  unbonded  rigid  steel  conduit  is  used  to  pass  the 

grounding  conductor  through  a  wall  is  more  practical.  From  equation  (3)  the 
voltage  developed  across  the  one  foot  (0.3m)  conductor  length  would  be  3360 
volts  for  either  #6  or  2/0  wire.  The  voltage  developed  across  one  foot  (0.3m) 
of  wire  in  conduit  is  13  percent  higher  than  for  30  ft.  (9.1m)  of  bare  #6  wire 
and  25%  higher  than  for  30  ft.  (9.1m)  of  2/0  wire. 
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FIGURE  1 
MGB  -  PROTECTION  CONFIGURATION 
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FIGURE  2 
Outdoor  Ground  Conductor  Connections 
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ELECTRICAL  PROTECTION  BY  EFFECTIVE  GROUNDING  OF  CABLE  SHIELDS 
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General 


> 


1.1  This  section  provides  REA  Borrowers,  consulting  engineers, 
contractors  and  other  interested  parties  with  technical 

information  for  use  in  the  design  and  construction  of  REA  borrowers 
telephone  systems.  It  is  written  to  present  a  technique  for  effec- 
tively grounding  telephone  cable  shields. 

1.2  Application  of  an  effective  grounding  system  is  not  recommended 
for  every  cable  lead,  in  every  conpany  or  all  locations  in  the 

country.   Implementation  of  an  effective  grounding  system  should  be 
considered  in  locations  where  frequent  damage  due  to  electrical  surges 
is  experienced. 

1.3  The  original  system  was  designed  primarily  for  protection  of 
telephone  plant  fran  the  effects  of  ground  potential  rise  (GPR) 

due  to  power  system  faults.  Grounding  telephone  cable  shields  directs 
excessive  voltages  and  currents  induced  on  the  shields  to  earth.  This 
can  often  be  achieved  before  these  currents  and  voltages  reach  the 
location  of  plant  or  equipment  requiring  protection. 

1.4  Application  of  an  effective  grounding  system  can  increase  the 
flow  of  current  in  the  shielding  circuit  and  provide  better 

noise  performance.   It  is  essential  that  the  shield  be  continuous  with 
no  opens  or  bonding  problems  if  the  maximum  benefits  of  effective 
grounding  are  to  be  realized. 


•.V.X-: 


/.■.'/.•, 
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1.5    An  effective  grounding  system  can  isolate  damage  by 

dissipating  the  current  through  multiple  paths  to  ground  along 
the  cable  shield.  Due  to  the  very  high  current  in  a  lightning  strike 
and  the  associated  GPR  it  is  not  possible  to  protect  the  entire  telephone 
plant  from  damage.  As  a  result  it  is  desirable  to  isolate  damage  from 
a  near  or  direct  lightning  strike  to  the  least  plant  length  possible. 


1.6    Obtaining  a  good  ground  is  quite  conplex  and  can  be  expensive. 
Provision  of  a  very  good  ground  at  every  location  (10  ohms  or 
less  resistance  to  earth)  vrould  be  prohibitive  from  a  cost  standpoint. 
In  parts  of  the  country  with  very  cold  winters  use  of  a  short  rod  may 
result  in  freeze  out  due  to  a  deep  frost  line  during  winter  months. 

2.  Effective  Grounding  Theory 

2.1  Effective  grounding  is  based  on  the  theory  that  multiple  grounds 
along  a  cable  shield  (si,x  or  more  in  each  direction  from  the 

test  point)  will  provide  a  low  value  resistance  to  earth.  A  low  re- 
sistance to  earth  is  thus  provided  via  multiple  paths  to  earth  for 
dissipation  of  high  voltages  and  currents  induced  on  cable  shields. 

2.2  A  T-network  equivalent  to  a  typical  cable  grounding  configura- 
tion is  shown  in  Figure  1.  Rq  equals  the  effective  value  of 

the  grounding  system,  R^  the  resistance  of  the  strand  and/or  cable 
shield  resistance  between  ground  electrodes,  and  R^  the  resistance  of 
the  individual  ground  electrode. 


Number  of  Electrodes  1 
(Minimum  6) 


2  Z 


R, 


Number  of  Electrodes  1 
(Minimum  6) 


Typical  Effective  Grounding  Configuration 


Figure  i 
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2.21   The  effective  ground  resistance  (R  )  may  be  calculated  by 
the  equation: 


%- 


0.5./0.25Ri2 


(Rl)  (R2)  ohms 


Where: 


R  =  Effective  Resistance  to  earth  in  ohms 

Rj^  =  Strand  and/or  cable  shield  resistance 
between  electrodes  in  ohms 

R2  =  Resistance  to  earth  of  individual 
electrode  in  ohms 


> 


2.22  For  an  example,  assume  a  25-pair  24^auge  filled  buried  cable 
with  a  10  mil  copper  shield,  2.4  ohmsAilometer  (0.73  ohms/ 

kilofoot) .  If  there  are  six  ground  electrodes  spaced  685.8  meters  in 
each  direction,  each  with  a  resistance  to  earth  of  250  ohms,  the 
effective  resistance  to  earth  will  be  10.0  ohms. 

2.23  As  an  exanple  of  the  effect  from  different  shielding  iraterials 
consider  the  same  conditions  shown  in  Paragraph  2.22  except 

the  cable  shield  which  is  6  mil  copper-steel  6  ohmsAilometer  (1.83 
ohmsAilofoot)  .  The  effective  resistance  to  earth  will  be  16.1  ohms. 

2.24  From  a  protection  consideration,  it  would  be  desirable  to  have 
the  earth  electrodes  spaced  closer  together,  perhaps  every 

304.8  meters  (1  kilofoot)  but  this  is  not  practical  in  most  buried 
cable  plant.   It  is  worth  considering  in  aerial  plant  for  the  lower 
the  value  of  effective  resistance  to  earth  the  better  the  overall  system 
will  perform. 


2.3    The  engineer  will  find  it  desirable  on  occasion  to  determine 
the  maxijnum  earth  electrode  resistance  which,  for  exanple, 
will  result  in  a  10  ohm  effective  resistance  to  earth.  This  may  be 
calculated  by  the  equation: 


4Ro2  -0.25R;^2 
Ro  =  — ^ — = =*=—  ohms 


R 


1 


> 
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^<':-:-':' 


Where: 


R2  =  Resistance  to  earth  of  individual  electrode 

Rq  =  Objective  effective  resistance  to  earth 

R,  =  Strand  and/or  cable  resistance  between 
electrodes 


2.4    At  a  point  where  the  shield  continuity  is  broken  (open  shield) 
there  will  be  six  earth  electrodes  in  only  one  direction  along 
the  shield.  Effective  earth  resistance  at  that  point  becomes: 


Where: 


2Rq  =/o.25Ri^  +  (Ri)  (R2)  ^^^^ 


R„  =  Effective  resistance  to  earth 

R^  =  Strand  and/or  cable  resistance  between 
electrodes 


Ry   =  Resistance  to  earth  of  individual  electrode 


3.  Earth  Resistivity  (p) 


3 . 1  Adequate  design  of  an  effective  ground  system  may  best  be 
acconplished  by  determining  the  earth  resistivity  in  meter-ohms 

at  each  proposed  earth  electrode  location.  Earth  resistivity  can  vary 
greatly  in  any  area  so  it  is  not  a  good  idea  to  measure  at  a  few 
scattered  locations  and  assume  all  other  points  are  in  the  same  range. 

3.2  An  earth  resistance  tester  has  the  connections  shown  in  Figure 
2.  The  distance  between  the  probes  (A)  is  the  depth  electrode 

for  which  the  earth  resistivity  is  measured.  Terminals  C-  and  C  are 
connected  to  the  two  outer  probes  as  shown  and  terminals  P^  and  P„  to 
the  inner  probes.  The  depth  of  the  test  probes  (B)  should  be  approximately 
1/20A  as  shown  in  Table  I. 
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Table  I 


Feet 


> 


Meters 


5 

0.1524 

10 

0.3048 

15 

0.4572 

20 

0.6096 

Inches 

Centimeters 

3 

7.62 

6 

15.24 

9 

22.86 

12 

30.48 

B  =  A/2Q  Approximatery 

Measurement  of  Earth  Resistivity  (p] 

FIGURE  2 


3.21  Read  the  resistance  value  of  the  earth  tester  after  meter  has 
been  nulled  if  of  null  balance  type.  This  resistance  is 

usually  a  dial  setting  times  a  multiplier.  Soitb  new  instruments  the 
value  may  be  read  directly  from  dials. 

3.22  Calculate  earth  resistivity  fron  this  resistance  (R)  by  the 
equation: 

When  meter-ohms  desired  p  =  6.28AR  where  A  is  in  meters 

When  centimeter-ohms  desired  p  =  6.28AR  where  A  is  in  centimeters 

or 
When  meter-ohms  desired  p  =  1.9151AR  where  A  is  in  feet 
When  centimeter-ohms  desired  p  =  191.51AR  where  A  is  in  feet 


) 
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4.  Earth  Electrode  Resistance 


4.1 


Once  the  earth  resistivity  at  a  location  has  been  determined 
the  resistance  of  an  earth  electrode  can  be  calculated.  As 
will  be  shown  later  in  the  design  portion  of  this  section  it  is  not 
necessary  to  conplete  this  calculation  at  the  individual  locations. 

4.2    Single  Electrode:  Resistance  to  earth  for  an  earth  electrode 
of  given  size  can  be  calculated  for  a  known  value  of  earth 
resistivity  by  the  equation: 


R, 


P 


(logg  4Z_  -1)  ohms 
a 


Where: 


R^  =  Earth  Electrode  Resistance  to  earth 
P  =  Earth  resistivity  in  meter-ohms 
I   =   length  of  electrode  in  meters 
a  =  Radius  of  electrode  in  meters 


Or  may  be  measured  directly,  when  the  electrode  is  in  place,  using  the 
techniques  in  Paragraph  4.1  of  TE&CM  802. 

4.21   Since  the  size  of  ground  rods  used  in  the  telephone  industry 
today  is  usually  given  in  feet  and  inches  the  equation  can  be 
adjusted  as  follows: 


^^2  = 


1.9151]l 


(logp  961  -1)   ohms 


Where; 


R„  =  Earth  Electrode  Resistance  to  earth 

P  =  Earth  resistivity  in  meter-ohms 

£  -   Length  of  electrode  in  feet 

a  =  Diameter  of  electrode  in  inches 

4.22   Chart  1  has  been  developed  with  the  above  formulas  for  1.59  cm 
(5/8")  diameter  ground  rods  of  various  lengths.  The  resistance 
to  earth  can  be  read  for  any  value  of  earth  resistivity  from  this 
chart  when  necessary. 
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^•3    Multiple  Electrodes:  There  will  be  cases  where  the  resistance 
to  earth  of  single  electrode  is  too  high  to  have  an  effective 
earth  resistance  equal  to  or  lower  than  the  objective.   It  then  becorres 
necessary  to  consider  the  use  of  two  or  irore  parallel  electrodes  at 
some  locations.  There  are  three  possible  conditions  relative  to  parallel 
electrodes:   1.  Distance  between  the  electrodes  is  equal  to  the  length 
of  the  electrodes.,  2.  Distance  between  the  electrodes  is  greater  than 
the  length  of  the  electrodes,  and  3.  Distance  between  the  electrodes 
is  less  than  the  length  of  electrodes.  These  different  states  result 
in  two  equations  for  calculation  of  the  multiple  electrodes  parallel 
resistance  to  earth  (Rp) . 

4.31   When  the  distance  between  parallel  earth  electrodes  is  equal  to 
or  greater  than  the  length  of  the  electrodes  and  measurements 
are  in  meters  the  parallel  resistance  to  earth  should  be  calculated  by 
the  following  equation: 

d  ^  ^ 


""^---^^-^   \-^(  1/2.  1/3 


2 


1/n)  ohms 


Where; 


> 


Rp  =  Parallel  resistance  to  earth  of  electrodes 
in  ohms 

n  =  Number  of  electrodes 
R2  =  Earth  electrode  resistance  to  earth  in  ohms 
P  =  Earth  resistivity  in  meter-ohms 
TT  =  3.14 

d  =  Distance  between  earth  electrodes  in  meters 
I   =  length  of  earth  electrodes  in  meters 

4.32   The  following  equation  should  be  used  to  calculate  parallel 

earth  electrode  resistance  to  earth  where  the  distance  between 
the  electrodes  equal  to  or  greater  than  the  electrodes  lengths  and  all 
measurements  are  in  feet. 


d-£ 


\  ~-  ^^^l"-     .9576d  {h^   1/3  •  •  •  1)  0 


hms 


J 
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Where: 


R  =  Parallel  resistance  to  earth  of  earth 
electrodes  in  ohms. 

n  =  Number  of  electrodes 

R2  =  Earth  electrode  resistance  to  earth  in 
ohms 

p  =  Earth  resistivity  in  meter-ohms 

d  =  Distance  between  earth  electrodes  in  feet 

I  -   Length  of  earth  electrodes  in  feet 

4.33   Where  the  distance  between  parallel  earth  electrodes  is  less 
than  the  length  of  the  electrodes  is  necessary  to  calculate 
first  the  mutual  resistance  (R  )  between  two  parallel  electrodes  at 
the  specified  spacing.       ^ 

4.331  When  measurements  are  in  meters  mutual  resistance  may  be 
calculated  by  the  following  equation: 

d<£ 


R  =  p 

m     — I—- 


2i\l    (logg  ^  -1)   ohms 


Where: 

R^  =  Mutual  resistance  between  earth  electrodes 
in  ohms 

p  =  Earth  resistivity  in  meter-ohms 

2tt  =  6.28 

I  -   Length  of  earth  electrode  in  meters 

d  =  Distance  between  earth  electrodes  in  meters 

4.332  Mutual  resistance  may  be  calculated  by  the  following  equation 
when  measurements  are  in  feet: 

d<2, 


R  =    '^  45, 
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Where; 


J 


R  =  Mutual  resistance  between  earth 
electrodes  in  ohms 

p  =  Earth  resistivity  in  meter-ohms 

I  =   Length  of  earth  electrode  in  feet 

d  =  Distance  between  earth  electrodes 
in  feet 

4.333  When  the  distance  between  parallel  earth  electrodes  is  less 
than  the  length  of  the  electrodes  the  parallel  resistance 
should  be  calculated  by  the  following  equation: 

d<£ 


Where: 


^p   r-  (R-,  +  (n-1)  R  )  ohms 
n       z  m 


R  =  Parallel  resistance  to  earth  of  earth 
electrode  in  ohms. 


) 


n  =  Number  of  electrodes 

R2  =  Earth  electrode  resistance  to  earth 
in  ohms 

R^  =  Mutual  resistance  between  earth  electrodes 
in  ohms   (Frcan  Paragraph  4.331  or  4.332) 


4.4  Charts  2,    3,   and  4  have  been  developed  with  the  above  formulas 
for  1.59  cm  (5/8")  diameter  ground  rods  of  various  lengths  in 

multiples  of  2,  3,  and  4  rods;  respectively.  The  resistance  to  earth 
can  be  found  for  any  value  of  earth  resistivity  form  these  charts. 

4.5  Since  R^  (Ground  electrode  resistance  to  earth)  can  be  calcu- 
lated by  the  equation  in  Paragraphs  4.2  and  4.21  the  design 

procedure  for  effective  ground  can  be  simplified  by  combining  with  the 
equation  in  Paragraph  2.21  for  effective  resistance. 

4.51   Where  measurements  are  in  meters  the  resulting  equation  is: 


R 


0.5 


0.25  (R^)^^R^  (— 


[log^  — -D)  ohms 


} 
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Where: 


4.52 


R  =  Effective  Resistance  to  earth  in  ohms 

R^  =  Strand  and/or  cable  shield  resistance  ■ 
between  electrodes  in  ohrns 

p  =  Earth  resistivity  in  meter  ohms 

2Tr  =  6.28 

i     =   Length  of  electrode  in  meters 

a  =  Radius  of  electrode  in  meters 

Where  measurements  are  in  feet  the  resulting  equation  is: 


^o  =  0-5  /o-25Ri'  +  Ri  ij:^ 


(log  —7-  -1) )   ohms 


e  a 


Where: 


R  =  Effective  Resistance  to  earth  in  ohms 
o 

R^  =  Strand  and/or  Cable  Shield  resistance  between 
electrodes  in  ohms 

p  =  Earth  resistivity  in  ohms 

5-  =  Length  of  electrode  in  feet  . 

a  =  Diameter  of  electrode  in  inches 

4.53   This  equation  can  be  set  to  find  the  required  value  of  earth 

resistivity  from  a  given  value  of  resistance  between  electrodes 
for  any  desired  value  of  effective  resistance  to  earth. 

4.531  Where  measurements  are  in  meters: 


meter  ohms 


Where; 


R.  =  Strand  and/or  cable  shield  resistance 
between  electrodes  in  ohms 


p  =  Earth  resistivity  in  meter  ohms 
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R  =  Objective  effec±ive  resistance  to  earth  in  ohms 
2tt  =  6.28 

2.  =  Length  of  electrode  in  meters 
a  =  Radius  of  electrode  in  meters 
4.532  Where  measurements  are  in  feet: 


^  (4R^-0^25R^^)  (1.915U) 


Ri  (^. 


96 


meter  ohms 


-1) 


Where: 


R^  =   Strand  and/or  cable  shield  resistance  between 
electrodes  in  ohms 


p  =  Earth  resistivity  in  meter-ohms 


R  = 
o 


Objective  effective  resistance  to  earth  in 
ohms 


) 


I  =   Length  of  electrode  in  feet 

a  =  Diameter  of  electrode  in  inches 

4.56   Chart  5  has  been  developed  with  these  formulas.  Strand  and/or 
shield  resistance  between  electrodes  can  be  found  for  any  value 
of  earth  resistivity  which  will  result  in  a  10  ohm  effective  resistance 
to  earth.  To  obtain  the  curve  for  effective  resistance  to  earth  from 
the  end  of  a  cable  (six  electrodes  in  one  direction)  R^  was  set  to  5 
ohms  to  obtain  the  desired  2R  equals  10  ohms. 


o 


5.  Design  of  Effective  Grounding  System 

5.1    Objective  Effective  Ground  Resistance;  Resistance  to  earth  at 
any  point  along  a  cable  with  an  effective  grounding  system 
should  be  10  ohms  or  less  where  there  are  a  minimum  of  six  electrode 
points  in  each  direction  from  the  point  of  measurement.  As  shown  in 
Paragraph  2.22  if  the  resistance  to  earth  of  the  twelve  electrodes 
adjacent  to  the  end  of  the  cable  is  the  saire  value  the  resistance  to 
earth  at  the  end  of  the  cable  will  be  twice  that  found  at  the  midpoint 
of  the  twelve  electrodes.  Effort  should  be  directed  toward  obtaining 
lower  resistance  to  earth  for  the  individual  electrodes  near  the  end 
of  the  cable.  Ideally,  the  resistance  to  earth  at  the  end  of  the  cable 
should  be  10  ohms  or  less,  but  this  is  not  always  practical.   (See 
Paragraph  5.35). 


^ 
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5.2    General:  Three  items  of  information  are  needed  for  the  design 
of  an  effective  grounding  system,  resistance  of  the  strand  and/ 
or  cable  shield  per  unit  length,  distance  between  earth  electrode 
locations,  and  the  measured  earth  resistivity  at  each  proposed  electrode 
location. 


5.21   Depending  on  whether  the  telephone  plant  is  aerial  or  buried 
there  are  two  basic  approaches  to  the  design  of  an  effective 
grounding  system.  With  aerial  plant  there  is  no  problem  with  spacing 
between  earth  electrodes  since  the  plant  is  continuously  accessible. 
Thus  the  basic  design  consideration  with  aerial  plant  is  the  determination 
of  what  spacing  will,  with  the  given  strand  and  cable  shield  resistance 
and  the  measured  earth  resistivity,  provide  a  10  ohm  effective  resistance 
to  earth.  Where  the  cable  plant  is  buried  the  spacing  between  electrodes 
is  detennined  by  where  the  cable  must  be  accessed  for  location  of  load- 
ing coils  or  carrier  repeaters.  Here  then  the  basic  design  consideration 
is  the  determination  of  what  earth  electrode  resistance  will,  with  the 
given  cable  shield  resistance  and  measured  earth  resistivity,  provide 
a  10  ohm  effective  resistance  to  earth. 


5.22  Regardless  of  whether  plant  is  aerial  or  buried  some  data 
relative  to  the  earth  resistivity  along  the  route  is  necessary 

as  a  starting  point.  Measurements  of  earth  resistivity  at  the  ten  foot 
depth  at  several  points  along  the  route  should  be  made  to  establish  a 
profile.  Measurements  at  each  loading  or  repeater  point  along  the  route 
should  provide  adequate  infoniHtion. 

5.23  As  a  general  rule  earth  electrode  spacing  should  not  exceed 
609.4  meters  (2000  feet) .  With  H88  loading  this  may  be  exceeded 

by  about  two  percent  since  to  insure  relatively  even  spacing  between 
electrodes,  it  is  recomnended  the  distance  between  two  adjacent  loading 
points  be  divided  into  three  equal  segments.  The  distance  between  H88 
loading  coils  can  exceed  1828.8  meters  (6000  feet)  by  about  two  percent. 
One  exception  is  made  to  this  rule  when  D66  loading  is  used.  Here  the 
distance  between  loading  coils  is  1371.6  ireters  (4500  feet).  Dividing 
this  into  three  457.2  meters  (1500  foot)  in  average  areas  could  result 
in  an  excessive  number  of  electrodes  over  those  necessary  to  rreet  ef- 
fective ground  objectives.  While  the  lower  values  of  effective  re- 
sistance to  earth  might  be  desirable  the  added  costs  cannot  be  justified. 
The  distance  between  two  adjacent  loading  coils  should  be  divided  into 
two  equal  segments  of  approximately  685.8  meters  (2250  feet)  plus  three 
percent  to  allow  for  load  spacing  deviations.  These  maximum  distances 
apply  more  to  buried  than  to  aerial  plant.  Shorter  spacings  of  the 
earth  electrodes  are  preferred  since  a  more  efficient  effective  ground- 
ing system  will  result.   Induced  voltages  can  be  drained  from  the  cable 
shield  in  shorter  distances  and  if  lightning  damage  does  occur,  it  can 
be  isolated  in  shorter  lengths  of  cable. 

5.24  An  earth  electrode  1.59  cm  x  3.048  meters  (5/8"  x  10')  appears 
to  be  best  for  the  average  effective  grounding  system  design. 

Shorter  electrodes  demonstrate  a  greater  variation  in  resistance  to 


• 


-12- 


earth  during  periods  of  cold  weather.  This  is  especially  severe  in 
areas  where  the  frost  line  approaches  0.91  to  1.22  meters  (3  to  4  feet) 
where  freeze  out  can  occur.  They  also  are  more  subject  to  variations 
during  dry  weather  cycles.  For  these  reasons  design  of  an  effective 
grounding  system  should  initially  be  based  on  single  1.59  cm  x  3.048 
meters  (5/8"  x  10')  earth  electrodes. 

5.25   At  locations  where  a  lower  resistance  to  earth  is  required 
than  can  be  obtained  with  a  single  10  foot  (3.048  meter) 
electrode  there  are  two  alternatives  available.  A  second  electrode 
can  be  placed  in  parallel  to  the  first  or  using  sectionalized  electrodes 
the  first  electrode  can  be  driven  deeper  into  the  earth.  The  preferred 
solution  will  be  indicated  by  existing  conditions.  In  some  areas  the 
deep  electrode  may  be  iirpractical  due  to  subsurface  rock  strata.  There 
may  also  be  areas  of  multiple  strata  earth  where  a  long  electrode  will 
result  in  a  great  reduction  of  the  resistance  to  earth.  Measurements 
of  earth  resistivity  will  determine  these  locations.  Where  multiple 
electrodes  are  to  be  used  the  spacing  between  electrodes  should  equal 
or  exceed  the  electrode  length.  If  shorter  spacing  is  used  they  are  in 
the  influence  of  each  other  and  the  parallel  resistance  to  earth  is 
higher.  Greater  separation  does  not  result  in  a  great  reduction  in 
resistance  to  earth  below  that  achieved  with  spacing  equal  to  electrode 
length. 


) 


5.26  The  basic  design  is  acconplished  by  using  average  values  of 
earth  resistivity  for  the  six  electrode  locations  in  each 

direction  from  a  point.  While  this  does  not  provide  the  precise  value 
of  effective  resistance  to  earth  the  resulting  error  is  small.  Obtain- 
ing the  precise  value  would  entail  the  development  and  solution  of 
twelve  simultaneous  equations  based  on  the  current  flowing  in  each  node. 

5.27  Branch  cables,  for  design  purposes,  are  treated  as  an  extension 
of  the  main  cable  from  the  point  of  departure.  Following  com- 
pletion of  the  first  phase  of  the  design  procedure  in  Paragraph  5.3  or 
5.4  the  branch  cables  are  considered.  The  first  twelve  electrode 
locations  to  be  averaged  are  the  first  six  along  the  branch  cable  and 
the  first  six  along  the  main  cable  toward  the  office  frcxn  the  junction 
point.  Then  proceed  toward  the  end  of  the  branch  cable  as  discussed 

in  Paragraph  5.3  or  5.4.  This  will  result  in  a  slightly  higher  calcu- 
lated effective  resistance  to  earth  then  will  be  measured  when  within 
six  electrode  locations  fron  a  junction  point. 

5.28  Connections  to  the  mult i -grounded  neutral  (MGN)  of  the  power 
system  and  earth  electrodes  at  station  locations  are  not 

included  in  design  calculations.  These  connections  will  result  in 
a  measured  effective  resistance  to  earth  lower  than  the  calculated 
design  value. 


*) 


5.29   Changes  in  cable  size  along  the  route  are  handled  by  averaging 
the  resistances  between  electrodes  to  derive  a  new  value.  For 
example:  The  cable  has  a  resistance  between  electrodes  of  one  ohm  and 
is  connected  to  a  cable  having  one  and  a  half  ohms  resistance  between 
electrodes.  When  the  first  length  of  higher  shield  resistance  enters 
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a  group  of  twelve  electrode  locations  the  new  resistance  between 
electrodes  is  1.04  ohms.  The  averages  will  increase  to  1.08,  1.13, 
1.17,  1.21,  1.25,  1.29,  1.33,  1.38,  1.42,  1.46  and  finally  1.5  when 
all  twelve  electrodes  being  averaged  are  beyond  the  point  the  cable 
size  changed. 

5.3    Aerial  Cable  Plant:  Assuming  earth  resistivity  measiorenents 
have  been  completed  as  discussed  in  Paragraph  5.22  average 
the  recorded  values  along  the  route.  Using  the  equation  shown  in 
Paragraph  4.61  calculate  the  spacing  that  will  provide  a  10  ohm 
effective  resistance  to  earth  with  the  calculated  average  earth  re- 
sistivity and  given  strand  and  shield  resistance  per  unit  length. 

5.31  Determine  on  a  map  or  in  the  field  the  location  of  each  earth 
electrode  based  on  the  spacing  found.  Sane  adjustnients  will 

be  necessary  to  locate  all  electrodes  at  pole  locations.  Measure  the 
earth  resistivity  at  each  location  to  the  3.048  meter  (10  foot)  depth. 
(See  Paragraph  3.0  for  a  discussion  of  earth  resistivity  measurement.) 
When  a  location  is  where  the  measured  value  of  earth  resistivity  is 
many  times  higher  than  at  adjacent  locations  measurements  should  be 
made  one  span  in  both  directions.   If  lower  values  are  found  the 
electrode  location  should  be  shifted.  Factors  such  as  earth  fills 
can  create  pockets  of  high  earth  resistivity  which  can  be  avoided  by 
moving  the  electrode  location  a  short  distance  in  either  direction. 

5.32  Average  the  recorded  values  of  earth  resistivity  for  the  first 
twelve  earth  electrode  locations  starting  at  the  office  end  of 

the  route.  With  this  average  value  use  Chart  5  to  determine  the  maxi- 
mum strand  and  shield  resistance  between  electrodes  that  will  produce 
a  10  ohm  effective  ground.   If  this  value  is  equal  to  or  greater  than 
the  given  strand  and  shield  resistance  for  this  section  of  the  route 
objectives  will  be  met  and  design  can  proceed.  Should  the  value  be 
lower  than  the  given  strand  and  shield  resistance  it  will  be  necessary 
to  reduce  the  resistance  of  one  or  more  of  the  electrodes.  Find  the 
location  with  the  highest  value  of  earth  resistivity.  Determine 
whether  a  parallel  electrode  or  additional  section  on  the  proposed 
electrode  is  preferred.  Then  determine  the  resistance  to  earth  of 
the  new  electrode  from  Chart  1,  if  longer  electrode  is  to  be  placed, 
or  Chart  2,  if  a  parallel  electrode  is  to  be  placed.  Since  this  new 
electrode  is  the  equivalent  of  a  3.048  meter  (10  foot)  electrode  of 
the  same  resistance  to  earth  at  x  ohms  earth  resistivity  determine 
the  equivalent  value  of  earth  resistivity  from  Chart  1.  Using  this 
new  value  of  earth  resistivity  for  the  electrode  location,  average 
the  earth  resistivity  for  the  twelve  locations  again  and  from  Chart  5 
determine  if  the  objectives  are  now  met.   If  not,  find  the  location 
of  the  remaining  highest  earth  resistivity  and  proceed  as  before.  This 
is  done  until  the  objectives  are  met. 
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5.33  Drop  the  earth  resistivity  value  of  the  first  electrode  out  of 
the  office  and  add  that  of  the  thirteenth.  Average  the  values 

of  earth  resistivity  for  these  twelve  electrodes  and  proceed  as  discussed 
in  Paragraph  5.32.  Remember,  if  a  longer  or  parallel  electrode  was  re- 
quired in  the  previous  calculation  that  the  equivalent  earth  resistivity 
will  be  used  to  find  the  new  average. 

5.34  Proceed  one  electrode  at  a  time  until  the  last  electrode  along 
the  cable  has  been  averaged  in  a  group  of  twelve.  If  the  cable 

route  involved  is  a  trunk  route,  this  corpletes  the  design.  Since  the 
low  office  ground  value  will  predominate  over  the  first  six  electrodes 
the  effective  ground  should  meet  the  10  ohm  objective  end  to  end. 

5.35  Where  the  cable  is  not  a  trunk  cable  one  end  will  not  terminate 
at  an  office  ground.  When  there  are  only  six  electrodes  in  one 

direction  from  a  point  it  has  been  shown  in  Paragraph  2.5  that  the  re- 
sistance to  earth  fran  that  point  is  two  times  the  value  of  effective 
resistance  to  earth  with  six  electrodes  in  both  directions  when  all 
other  factors  are  the  same.   It  has  also  been  shown  an  effective  ground 
system  design  can  be  accorplished  by  averaged  measured  and  equivalent 
values  of  earth  resistivity  (Paragraph  5.32).  These  same  principles 
can  be  applied  to  designing  the  system  at  the  end  of  the  cable. 

5.351  Average  the  recorded  values  of  earth  resistivity  for  the  last 
six  electrode  locations  along  the  cable.  Frc«n  Chart  5  determine 

for  the  given  value  of  strand  and  shield  resistance  what  average  earth 
resistivity  value  will  result  in  a  10  ohm  value  for  2R  .   If  this  value 
of  average  earth  resistivity  is  higher  than  the  calculated  value  form 
recorded  measurements  the  10  ohm  objective  will  be  rret  and  the  design 
has  been  conpleted. 

5.352  When  the  calculated  average  value  of  earth  resistivity  is 
higher  than  that  found  in  Chart  5  it  will  be  necessary  to 

consider  multiple  or  longer  electrodes  at  some  locations.  The  six 
recorded  earth  resistivity  values  should  be  studied.  It  should  be 
remembered  that  most  efficient  effective  grounding  will  result  when 
the  resistance  to  earth  of  the  last  electrode  is  the  lowest  of  the  last 
six  locations.  If  one  of  the  six  values  is  very  high  (more  than  twice 
that  of  the  next  lower  value)  it  should  be  considered  first.  Determine 
whether  the  preferred  solution  at  that  location  is  a  parallel  or  longer 
electrode.  Determine  the  resistance  to  earth  of  the  new  electrode  from 
Chart  1,  if  deeper  electrode  is  to  be  placed,  or  Chart  2,  if  a  parallel 
electrode  is  to  be  placed.  Using  this  resistance  to  earth  value  deter- 
mine from  Chart  1  the  equivalent  earth  resistivity  for  a  single  3.048 
meter  (10  foot)  electrode  of  the  same  resistance  to  earth.  With  this 
new  earth  resistivity  value  for  the  electrode  location  again  average 
the  earth  resistivity  values  and  conpare  to  the  objective  value  from 
Chart  5  to  determine  if  the  objectives  will  be  met.  Where  all  six 
values  of  earth  resistivity  are  essentially  the  same  (no  value  more 
than  twice  that  of  the  next  lower  value)  the  electrode  improvansnt 
should  be  started  with  the  one  furthest  from  the  office  and  working 
fran  there,  one  electrode  at  a  time  back  toward  the  office  until 
objectives  are  met. 
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5.36 


5.4 


Branch  cables  and  different  cable  sizes  along  the  route  are 
handled  as  disciissed  in  Paragraph  5.2. 


Buried  Cable  Plant:  Design  of  an  effective  grounding  system 
for  buried  cable  plant  is  different  than  for  aerial  cable  plant. 
The  flexibility  of  varied  spacing  to  achieve  objective  effective  re- 
sistance to  earth  does  not  exist  since  the  buried  cable  cannot  be  ac- 
cessed at  any  point  along  the  length  as  can  aerial  cable.  An  effective 
grounding  system  must  conform  to  the  loading  coil  or  carrier  repeater 
spacing  with  a  minimum  of  additional  points  of  access  to  achieve  the 
desired  goal.  Reconmended  spacing  for  buried  cable  plant  are  685.8 
meters  (2250  feet)  with  D66  loaded  cable  and  609.4  meters  (2000  feet) 
(609.4  meters)  with  H88  loaded  cable.  There  may  be  some  areas  of  ex- 
tremely high  earth  resistivity  where  a  spacing  of  457.2  meters  (1500 
feet)  might  be  justified  with  both  loading  systems.  Where  such  areas 
are  found  economic  studies  should  be  made  to  determine  the  best  course 
of  action. 


5.41   The  initial  step  is  to  determine  on  a  map  or  in  the  field  the 
location  of  each  earth  electrode  based  on  the  loading  system 
being  used.  Measure  the  earth  resistivity  at  each  location  to  the  3.048 
meter  (10  foot)  depth.  Where  earth  resistivity  is  high  (more  than  two 
times  the  average  value)  it  should  also  be  rreasured  to  the  6.096  meter 
(20  foot)  depth.   (See  Paragraph  3.0  for  a  discussion  of  earth  resistivity 
measurement) . 


5.42   Average  the  recorded  values  of  earth  resistivity  for  the  first 
twelve  earth  electrode  locations  starting  at  the  office  end  of 
the  route.  Use  Chart  5  (depending  on  unit  of  measurement)  to  determine 
fron  the  given  shield  resistance  per  kilofoot  or  meter  the  average  earth 
resistivity  necessary  to  meet  a  10  ohm  effective  resistance  to  earth  if 
this  value  is  equal  to  or  greater  than  the  calculated  earth  resistivity 
for  the  spacings  objectives  will  be  met  and  design  can  proceed  to  next 
step.  Should  the  value  be  lower  than  the  calculated  earth  resistivity 
it  will  be  necessary  to  reduce  the  resistance  of  one  or  more  of  the 
earth  electrodes.  Find  the  location  with  the  highest  value  of  earth 
resistivity  and  determine  whether  a  parallel  electrode  or  an  additional 
section  on  the  proposed  electrode  is  preferred.  Then  determine  the 
resistance  to  earth  of  the  new  electrode  fron  Chart  1,  if  longer 
electrode  is  to  be  placed,  or  Chart  2,  if  a  parallel  electrode  is  to 
be  placed.  Since  this  new  electrode  is  the  equivalent  of  a  3.048  meter 
(10  foot)  electrode  having  the  same  resistance  to  earth  with  x  ohms 
earth  resistivity  determine  the  equivalent  value  of  earth  resistivity 
from  Chart  1.  Using  this  new  equivalent  value  of  earth  resistivity 
for  the  electrode  location,  average  the  earth  resistivity  again  for  the 
twelve  locations.  Compare  the  new  average  earth  resistivity  with  the 
objective  earth  resitivity  found  on  Chart  5  above  to  determine  if  the 
10  ohm  objective  effective  resistance  to  earth  will  be  met.   If  the 
objective  is  still  lower  than  the  calculated  average  value  find  the 
next  highest  value  of  earth  resistivity.  Proceed  as  before  with  either 
a  parallel  or  longer  electrode.  Continue  this  procedure  until 
objectives  are  met. 
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5.43  Drop  the  earth  resistivity  value  of  the  first  electrode  out  of 
the  office  and  add  that  of  the  thirteenth.  Average  the  values 
of  earth  resistivity  for  these  twelve  electrodes  and  proceed  as  dis- 
cussed in  Paragraph  5.42.  Remember,  if  a  longer  or  parallel  electrode 
was  required  at  any  of  these  points  in  the  first  corputation,  that  the 
equivalent  earth  resistivity  value  will  be  used  for  that  location  during 
these  calculations. 


5.44   Proceed  one  electrode  at  a  time  until  the  last  electrode  along 
the  cable  has  been  averaged  in  a  group  of  twelve.  If  the  cable 
route  is  a  trunk  route  this  completes  the  design.  Since  the  low  office 
ground  will  predominate  over  the  average  value  of  the  first  six  electrodes 
the  effective  resistance  to  ground  should  meet  the  10  ohm  objective  end 
to  end. 


) 


5.45   Where  the  cable  is  along  a  subscriber  cable  route  the  last  six 
electrode  locations  will  be  handled  as  discussed  in  Paragraph 
5.35  for  aerial  cable  plant.  When  there  are  only  six  electrodes  in 
one  direction  from  a  point  it  has  been  shown  in  Paragraph  2.5  that  the 
resistance  to  earth  from  that  point  is  two  tines  the  value  of  effective 
resistance  to  earth  with  six  electrodes  in  both  directions  when  all 
other  factors  are  the  same.  It  has  also  been  shown  an  effective  ground- 
ing system  design  can  be  accarplished  by  average  measured  and  equivalent 
values  of  earth  resistivity  (Paragraph  5.43) .  These  same  principles 
can  be  applied  to  designing  the  system  at  the  end  of  the  cable. 

5.451  Average  the  recorded  values  of  earth  resistivity  for  the  last 

six  electrode  locations  along  the  cable.  Fran  Chart  5  determine 
for  the  given  value  of  shield  resistance  what  average  earth  resistivity 
value  will  produce  a  10  ohm  value  of  2  R  .   If  this  value  of  average 
earth  resistivity  is  higher  than  the  average  value  calculated  from 
recorded  measurements  the  10  ohm  objective  will  be  met  and  the  design 
has  been  completed. 


) 


5.452  Where  the  calculated  average  value  of  earth  resistivity  is 
higher  than  that  found  in  Chart  5  it  will  be  necessary  to 
consider  multiple  or  longer  electrodes  at  sane  locations.  The  six 
recorded  earth  resistivity  values  should  be  studied.   It  should  be 
remembered  that  most  efficient  effective  grounding  will  result  when 
the  resistance  to  earth  of  the  last  electrode  is  the  lowest  of  the 
last  six  locations.   If  one  of  the  six  values  is  very  high  (nore  than 
twice  that  of  the  next  lower  value)  it  should  be  considered  first. 
Detennine  whether  the  preferred  solution  at  that  location  is  a  parallel 
or  longer  electrode.  Determine  the  resistance  to  earth  of  the  new 
electrode  from  Chart  1,  if  deeper  electrode  to  be  placed,  or  Chart  2, 
if  a  parallel  electrode  is  to  be  placed.  Using  this  resistance  to 
earth  value  detemdne  from  Chart  1  the  equivalent  earth  resistivity 
for  a  single  10  foot  (3.048  meter)  electrode  of  the  same  resistance 
to  earth.  With  this  new  earth  resistivity  value  for  the  electrode 
location  again  average  the  six  earth  resistivity  values  and  compare 
to  the  objective  value  fran  Chart  5  to  determine  if  the  objectives 
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have  been  met.  Where  all  six  values  of  earth  resistivity  are  essentially 
the  same  (no  value  more  than  twice  that  of  the  next  lower  value)  the 
electrode  improvement  should  be  started  with  the  one  furtherest  from  the 
office  and,  working  from  there,  one  electrode  at  a  time  back  toward  the 
office  until  objectives  are  met. 

5.46   Branch  cables  and  different  cable  sizes  along  the  route  aie 
handled  as  discussed  in  Paragraph  5.2 

6.  Exairple  of  Effective  Grounding  Design 

6.1    Figure  1  shows  the  details  of  a  cable  route  for  which  an  effec- 
tive grounding  system  is  to  be  designed.  Since  this  is  buried 
cable,  the  spacing  between  electrodes  is  controlled  by  the  loading 
spacing.  Results  of  earth  resistivity  measurements  are  shown  on  the 
schematic. 


6.2    Set  up  a  work  sheet  as  shown  in  Exairple  1  and  list  by  number 
the  electrode  locations,  starting  at  the  office  end.  Also 
enter  the  measured  earth  resistivity  at  each  of  these  locations. 

6.21   Start  the  design  between  the  6th  and  7th  electrode  location. 
First  average  the  shield  resistance  between  earth  electrodes 
over  the  length  of  the  first  twelve  electrodes.  Since  the  entire 
length  is  50-24  cable  the  average  is  1.98  ohms.  From  Chart  5  the 
objective  average  earth  resistivity  value  (605  meter-ohms)  may  be 
determined  for  a  1.98  ohm  resistance  between  electrodes  and  a  10  ohm 
objective  effective  resistance  to  earth  (R  =  10  ohms) .  Next  average 
the  recorded  measured  values  of  earth  resistivity  for  the  twelve 
electrode  locations.  Since  the  460  meter-ohms  average  value  is  lower 
than  the  605  meter-ohms  objective  value  for  this  location  the  effective 
grounding  objectives  will  be  met. 


6.22   Design  now  moves  to  the  location  between  the  7th  and  8th 

electrode.  Again,  the  shield  resistance  between  electrodes 
are  averaged.  However,  there  is  one  section  25-24  cable  added  at  the 
end  fartherest  from  the  office  and  the  first  section  nearest  the  office 
is  dropped.  The  new  average  shield  resistance  is  2.02  ohms.  A  new 
value  of  objective  earth  resistivity  of  600  meter-ohms  is  found  for 
this  value  of  R  fron  Chart  5.  Recorded  values  of  treasured  earth  re- 
sistivity for  the  twelve  electrodes  (2  thru  13)  are  averaged  and  the 
value  of  467  meter-ohms  compared  to  the  objective  earth  resistivity 
for  this  location.  Again  it  is  lower  so  effective  grounding  objectives 
will  be  met. 


6.23   This  same  procedure  is  followed  between  the  8th  and  9th  elec- 
trode and  successively  along  the  cable  until  the  point  is 
reached  where  there  are  six  electrode  locations  remaining  to  the  end 
of  the  cable.  The  point  in  the  exairple  is  between  locations  14  and  15. 

6.231  In  the  exairple  the  average  measured  values  of  earth  resistivity 
at  all  locations  were  lower  than  objective  values.  There  was 
thus  no  need  for  further  design  work  at  these  locations. 
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6.232  Should  any  of  the  average  values  of  earth  resistivity  have 
been  higher  than  the  objective  values  it  would  have  been 
necessary  to  use  multiple  or  longer  electrodes  at  one  or  more  loca- 
tions to  provide  a  lower  equivalent  earth  resistivity.  Procedure  to 
be  followed  is  identical  to  that  discussed  in  Paragraph  6. 


6.3    Design  for  the  six  electrode  locations  farthest  from  the 

office  should  be  started  from  the  end  of  the  cable.  First 
average  the  shield  resistance  between  electrodes  over  the  length  of 
the  last  six  electrodes  along  the  cable.  Since  the  entire  length 
is  25-24  cable  the  average  is  2.48  ohms.  From  Chart  5  the  objective 
average  earth  resistivity  value  (120  meter-ohms)  may  be  determined 
for  a  2.48  resistance  between  electrodes  and  10  ohm  objective  effec- 
tive resistance  to  earth  (2R  =10  ohms) .  Next  average  the  recorded 
measured  values  of  earth  resistivity  for  the  six  electrode  locations. 
Since  the  493  meter-ohms  average  is  higher  than  the  120  meter-ohms 
objective  value  use  of  multiple  or  longer  electrodes  should  be 
considered. 


) 


6.31   The  first  decision  is  whether  to  use  multiple  or  longer 

electrodes,  r^st  obvious  is  whether  the  terrain  is  the  type 
where  long  sectional  rods  may  be  driven.  If  not  the  only  alternative 
is  to  place  multiple  electrodes.  Where  the  longer  rods  may  be  driven 
the  value  of  measured  earth  resistivity  to  each  depth  will  usually 
determine  the  best  method.  When  the  earth  resistivity  at  the  lower 
depth  is  larger  the  lowest  electrode  resistance  to  earth  will  be  ob- 
tained with  multiple  electrodes  in  parallel.  Where  earth  resistivity 
is  uniform  at  the  depths  measured  the  electrode  resistance  to  earth 
will  be  approxiinately  the  same  for  multiple  or  longer  configurations 
so  either  may  be  used.  When  the  lower  depth  measured  has  the  lowest 
value  of  earth  resistivity  then  the  longer  electrode  will  have  the 
lowest  resistance  to  earth. 


6.32  For  Example  1  a  uniform  earth  resistivity  has  been  assumed  for 
both  depths,  3.048  and  6.096  meters  (10  and  20  feet).  Highest 

earth  resistivity  is  at  location  15  (650  meter-ohms) .  Using  Chart  2 
two  electrodes  with  650  meter-ohms  will  have  a  resistance  to  earth  of  125 
ohms.  Fran  Chart  1  it  is  found  that  a  single  3.048  meter  (10  foot) 
electrode  would  have  125  ohms  resistance  to  earth  if  earth  resistivity 
is  380  meter-ohms.  This  is  the  equivalent  value  to  be  entered  and  the 
earth  resistivity  values  for  the  six  locations  are  again  averaged. 
The  resulting  448  meter-ohms  is  higher  than  the  120  meter-ohms  objec- 
tive so  the  next  highest  value  at  location  16  (640  meter-ohms)  is 
designed  for  multiple  electrodes  in  the  same  manner. 

6.33  After  determining  the  equivalent  earth  resistivity  values  for 
all  six  electrode  locations  with  two  electrodes  the  resulting 

average  earth  resistivity  is  288  meter-ohms.  This  is  higher  than  the 
120  meter-ohms  objective  and  fran  Charts  1  and  6  results  in  an  effective 
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resistance  to  earth  of  15.4  ohms.  For  a  shield  resistance  between 
electrodes  of  2.48  ohms  and  earth  resistivity  of  288  meter-ohms  R  =  7  7 
ohms.  With  six  electrodes  in  one  direction  only  the  effective  resis- 
tance equals  2R^  or  15.4  ohms.  The  effective  resistance  to  earth  with 
single  electrodes  was  20.2  ohms. 

6.34   Following  the  same  procedure  equivalent  earth  resistivities 
are  determined  for  the  six  electrode  locations  with  three 
electrodes  from  Charts  1  and  3.  The  resulting  209  meter-ohms  is  still 
higher  than  the  120  meter-ohms  objective.  The  effective  resistance 
to  ground  from  Charts  1  and  6  is  13.0  ohms.  Utilization  of  a  fourth 
rod  in  parallel  would  not  result  in  a  significant  reduction  in  the 
effective  resistance  value. 


6.341  The  objective  earth  resistivity  of  120  meter-ohms  could  be 

met  by  providing  three  parallel  electrodes  20  feet  in  length 
at  location  20.  This  conbination  would  result  in  an  effective  re- 
sistance to  earth  at  the  end  of  the  cable  of  9.8  ohms.  It  is  not 
believed  that  this  design  could  be  economically  justified  except  in 
areas  having  very  high  maintenance  costs  due  to  lightning  damage. 

6.4    Next  the  average  earth  resistivity  at  all  points  affected  by 
the  multiple  rods  must  be  recalculated  to  obtain  final  values. 
This  starts  at  the  location  between  electrode  9  and  10  and  continues 
out  to  the  one  between  electrodes  14  and  15.  Finally  using  Chart  1 
to  determine  the  equivalent  3.048  meter  (10  foot)  electrode  resistance 
for  the  final  average  earth  resistivity  at  each  location  the  effective 
resistance  to  earth  is  estirreted  from  Chart  6. 


6.5 


6.6 


Design  along  the  branch  cable  is  completed  in  exactly  the  same 
manner  starting  at  the  location  between  electrodes  12  and  13a. 

As  stated  previously  with  the  low  resistance  electrode  at  the 
office  there  is  no  need  to  study  this  end  of  the  cable  in  detail, 
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Example 
R„  =  500f] 
R^  =  0.44fi 
Rq  =  7.4f^ 


R, 


50.0:t 

40  oT 

X  When  there  are  six  electrodes 

in  one  direction  only  multiply 

30.0  S  result  by  2. 


2.0-  = 


-  Lay  straight  edge  between  value 
of  earth  electrode  resistance 
""  (R  )  and  shield  resistance  be- 

-"  tween  electrodes  (R, )  .  Where 
this  line  intersects  the 


vertical  read  effective  re- 
sistance to  earth  in  ohms 


(R^) 


Momograph  for  Determining  Effective  Resistance  to  Earth  in  Ohms 

CHART  6 
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Location 

20  f  300m-fi 

19  LPIO  +  420m-f2 


18 


"  500m-f^ 


17      lP9"450m-f] 


16 


15   LPSjc  6S0m-n 


14 


12 


•25  X  24 


640m-^ 


"  450m-n 


50  X  24 


13   LP7  It  B^^Om-P. 

13a   14a  15a   16a  17a   18a 

LP7                  LP8                  LP9 
n • X • a— 


uu 


19a     20a      21a     22a     23a      24a 
LPIO  IPll  LP12 


11        LP6  t  290m-n  ■-         -  -  -  -  .-  - 


10 


400m-fi 


LP5  "  750m-f2 


500m-P 


7       LP4  'c  290m-n 


680m-f^ 


^OO^      ^%^    hn    ^-P.^.     ^%.     -^9^.     %f)^     -^^c     ^0, 


^O.    ^-^O,     ^^4.    ■  '^Q.     ""%.    ^^$.    ^^ik   "^^ 


Cable  Size 

50  X  24 
25   X  24 

--  50  X  24 


■^  LP3  3f700in-n 

4  "  680m-S7 

3  LP?  Jf  390m-fi 

2  «'  120m-r! 

1  LPli:  "^Sm-Q 


Shield  Pesistance 

304.8m      Between  Electrodes 
0.88  1.98 

1.10  2.48 


X  Loading  Point 
Pedestal 


CO  rj    (5P  CO  ground) 


Filled  Cable 
mil  Aluminum  Shield 
D66  Loading 
Cable  Layout 

EXAMPLE  1 
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WORK   SHEET   -   EXAMPLE    1 


Average 

Calculated 

Measured 

Earth 

Resistivity 

Average 
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wnK  SHEET  -  EXAMPLE  1    (Continued) 

Average  Caiculatcu 

Measured         Earth  Resistivity  Average  Shield  Effective 

Location  3.0  4RM  a096M   Equivalent      Objective  First         Second        Third  R  R 
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^    1.  GENERAL 


1.1 


This  section  provides  REA  borrowers,  consulting  engineers  and  other 
interested  parties  with  technical  information  on  the  fundamentals  of 
carrier  multiplexing  and  transmission  for  trunk  and  subscriber  applications. 
Carrier  fundamentals  are  presented  in  a  brief  descriptive  manner  to  provide  a 
basic  understanding  of  carrier  concepts,  hardware  and  application.  More 
detailed  information  on  specific  aspects  of  transmission  and  carrier  are 
covered  in  other  REA  TE&CM  Sections  in  the  400  and  900  series. 


1.2  The  term  "carrier"  is 
<  systems  applied  to  wi 
combining  two  or  more  separ 
path.  Two  widely  used  mult 
multiplex  (FDM)  and  time  di 
frequency  assignment  in  FDM 
assignment  in  TDM  systems, 
carrier  modulated  on  a  cont 
referred  to  as  analog  carri 


often  used  in  a  broad 
re  facilities.  Multipl 
ate  signals  or  channels 
iplexing  techniques  are 
vision  multiplex  (TDM), 
systems,  and  channels 
FDM  systems  for  voice 
inuously  changing  basis 
er. 


sense  to  describe  multiplex 
exing  is  the  process  of 

on  a  common  transmission 

frequency  division 
Channels  are  separated  by 
are  separated  by  time 
communications  are  generally 

(noninterrupted),  and 


>%/i? 
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1.3  This  section  will  focus  almost  entirely  on  frequency  division  analog 
carrier  systems.  For  completeness,  time  division  and  digital 

transmission  systems  are  briefly  mentioned.  Digital  multiplexing  and  trans- 
mission fundamentals  are  covered  in  TE&CM  Section  950,  Digital  Transmission 
Systems . 

1.4  The  basic  concept  of  carrier  multiplexing  is  older  than  telephony.  To 
better  appreciate  the  genius  of  those  early  scientists  and  engineers, 

the  origin  of  carrier  and  certain  evolutionary  developments  are  illustrated. 
Carrier  systems  have  been  used  primarily  in  telephony  applications.  Carrier 
is  a  specialized  area  of  communications  engineering.  The  basic  engineering 
principles  of  modulation  and  transmission  are  thoroughly  discussed  in  com- 
munications and  electrical  engineering  textbooks.  The  adaptation  of  these 
concepts  to  wire  line  fcicilities  (carrier)  has  been  more  thoroughly  covered  in 
engineering  periodicals  and  trade  publications  for  over  60  years  than  in 
engineering  textbooks.  One  purpose  of  this  section  is  to  assemble  and  high- 
light a  few  of  these  basic  concepts  and  historical  events  that  have  led  to  the 
modern  carrier  systems  of  today. 

1.5  The  appeal  of  carrier  as  a  concept,  the  development  of  practical  carrier 
systems,  and  the  continued  growth  in  the  use  of  carrier  equipment  can  be 

primarily  credited  to  the  economic  and  transmission  advantages  of  carrier. 
Media  efficiency  or  multiple  circuits  on  a  common  transmission  path  provided 
the  economic  incentive  for  carrier  development  and  continued  growth.  This 
economic  incentive  was  reinforced  by  the  transmission  advantages  of  carrier, 
especially  for  trunk  service.  These  transmission  advantages  include  low  and 
uniform  losses,  propagation  speeds  substantially  higher  than  voice  frequency, 
and  improved  return  losses  resulting  from  design  controlled  impedances. 
Advances  in  carrier  can  be  directly  linked  with  advancements  in  electronic 
technology.  Carrier  system  needs  led  to  technology  improvements,  and 
technology  advancements  led  to  carrier  design  improvements. 

2.  CARRIER  ORIGIN  AND  EVOLUTION 

2.1  Simplified  Description:  In  layman's  terms,  carrier  is  "Radio  on  Wire." 

Radio  requires  a  transmitter  and  a  receiver  (Figure  lA).  A  radio 
receiver  can  tune  in  one  station,  and  tune  out  all  other  stations 
(unidirectional).  Two  way  communications  (bidirectional)  require  a  trans- 
mitter and  receiver  at  both  ends  (Figure  IB).  CB  radio  serves  as  an  example 
of  two-way  radio. 


2.1.1  Carrier  is  just  1 
wires  rather  than 
converted  from  sound  wave 
electrical  waves  are  ampl 
The  transmitter  output  is 
i sties  of  the  voice  input 
wires  to  a  distant  locati 
signal  (station,  channel, 
or  channels  are  filtered 


ike  radio  except  that  signals  are  transmitted  over 
through  the  air  (Figure  IC).  Voice  signals  are 

s  to  electrical  waves  by  a  microphone.  These 

ified  and  fed  into  a  radio  generator  or  transmitter, 
a  radio  frequency  signal  that  contains  character- 
signal.  The  radio  signals  are  transmitted  over 

on  to  a  receiver.  At  the  receiver,  the  desired 
etc.)  is  filtered  or  tuned  in.  All  unwanted  signals 

out  and  discarded.  The  radio  signal  is  then 


o 


J 
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demodulated,  or  converted  back  into  a  voice  signal.  The  voice  signal  is  then 
amplified  and  fed  into  a  speaker  and  converted  from  electrical  waves  back  into 
sound  waves.  The  only  basic  difference  between  radio  and  what  is  called 
"carrier"  is  how  the  signal  is  transmitted  from  one  point  to  another  —  over 


wires  rather  than  through  the  air. 


2.1.2 


The  term  "carrier" 


is  an  abbreviated  form  of  the  original  term 


"carrier  current."  Modulation  is  a  "voice  on  radio",  or  "voice  on 


carrier"  signal  (Figure  2A).  When  a  radio  or  carrier  frequency  and  a  voice 
frequency  are  fed  into  a  mixer  or  modulator,  the  resultant  output  contains  the 
original  voice  and  carrier  signals;  but  more  important,  it  contains  combined 
voice  and  carrier  signals  including  a  modulated  carrier  signal.  The  voice 
frequency  and  other  unwanted  signals  are  discarded  at  the  modulator  output. 
The  modulated  carrier  signal  is  a  radio  frequency  signal  and  cannot  be  heard 
by  the  ear.  But  the  radio  signal  is  "carrying"  voice  information  that  can  be 
retrieved. 

2.1.3  "Carrier"  is  often  used  to  described  a  concept,  hardware  and/or 
systems.  The  following  are  descriptive  examples  of  the  term 

"carrier". 

Carrier:  A  concept  of  multiplexing  two  or  more  signals  onto  a 
common  path. 

Carrier  Transmission:  This  usually  describes  electrical  waves 
applied  to  a  transmission  media,  and  the  effects  of  the  media  on 
the  electrical  waves. 

Carrier  Transmission  Media:  A  metal ic  path  for  the  transmission 
of  electrical  waves. 

Carrier  Equipment:  Electronic  hardware  for  multiplexing  and 
transmission  of  signals. 

Carrier  Terminal  Equipment:  Electronic  hardware  for  multiplexing 
two  or  more  signals  onto  a  common  path. 

Carrier  Line  Equipment:  Electronic  hardware  used  along  the  trans- 
mission media  to  offset  the  degrading  effects  of  the  media  by 
amplifying  and/or  reshaping  the  signal. 

Carrier  System:  The  organized  assembly  of  carrier  equipment  and 
transmission  media. 

2.1.4  Radio  can  be  transmitted  between  locations  without  the  need  for  wire 
facilities.  Since  radio  and  carrier  are  essentially  the  same 

technique  using  different  transmission  media,  the  basic  need  for  carrier  may 
be  questioned.  The  justification  for  carrier,  and  continued  accelerated  use 
of  carrier  lie  in  two  basic  areas  -  economics  and  limited  frequency  spectrum. 
The  design  of  carrier  systems  can  be  made  less  complex  than  radio  because  of 
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the  controlled  transmission  media  (wire,  rather  than  air).  Carrier  systems 
require  less  power,  less  sensitivity,  and  less  selectivity  or  discrimination 
from  undesired  signals.  These  factors  will  generally  result  in  lower  cost 
telephone  service  through  the  use  of  carrier  rather  than  radio  -  including  the 
cost  of  wire  facilities  for  the  carrier.  In  many  cases,  the  necessary  wire 
plant  will  already  be  in  place  for  carrier  application.  The  other  major 
factor  is  the  availability  of  radio  frequency  spectrum.  There  is  a  limited 
radio  spectrum  available  for  these  services.  Thus,  it  is  not  practical  to 
serve  eyery   subscriber  by  radio.  Carrier  frequencies  can  be  reused  on  each 
pair  or  wires  within  a  cable  (within  defined  limits).  Carrier  and  radio  are 
competitive  techniques  in  telephone  service.  The  use  of  radio  is  primarily 
limited  to  point-to-point  high  density  service  in  the  trunk  network.  In  rural 
areas,  carrier  is  generally  more  economical  than  radio  for  both  trunk  and 
subscriber  service. 

2.2  Early  History:  It  was  from  experiments  in  the  1870 's  with  telegraph 
multiplex  (or  "harmonic"  telegraph)  that  Alexander  Graham  Bell 

recognized  the  possibility  of  transmitting  voice.  Thus,  the  basic  concept  of 
carrier  multiplexing  is  older  than  telephony.  Telephone  carrier  principles 
for  voice  communications  were  developed  by  the  French  and  Americans  in  the 
1890 's.  A  laboratory  model  of  a  carrier  system  was  tested  by  the  American 
Bell  Telephone  Company  in  1894.  It  was  in  1918  (24  years  later),  that  the 
first  commercial  carrier  system  was  placed  into  service  between  Baltimore  and 
Pittsburgh.  The  development  of  economical  and  practical  hardware  was  required 
to  implement  these  concepts  and  laboratory  models.  The  separate  efforts  of 
several  scientists  and  engineers  were  combined  to  begin  a  technological 
revolution  in  telephony  hardware  that  included  radio,  carrier  and  voice 
frequency  electronics.  Electronic  gain  was  the  key  to  this  technological 
revolution,  and  was  the  result  of  three  development  steps.  Thomas  Edison 
discovered  the  Edison  effect  (electron  emission  and  flow)  in  1883;  John 
Ambrose  Fleming  converted  the  Edison  effect  into  the  thermionic  valve  (vacuum 
diode)  in  1904;  and  Lee  de  Forest  developed  the  audion  (triode  vacuum  tube)  by 
adding  a  third  element  in  1906.  Two  other  key  factors  in  the  development  of 
carrier  were  the  discovery  of  positive  feedback  (oscillator)  by  Edwin 
Armstrong  in  1912  and  the  wave  filter  invented  by  George  Campbell  in  1915.  A 
wide  range  of  developments  in  this  technological  revolution  were  assembled  and 
illustrated  in  1921  AIEE  Transactions  paper  "Carrier  Current  Telephony  and 
Telegraphy"  by  E.  H.  Colpitts  and  0.  B.  Blackwell. 

2.3  Equipment  Evolution;  The  early  evolutionary  directions  in  carrier 
equipment  development  were  shaped  by  the  Bell  System.  The  carrier 

systems  were  identified  alphabeticaly.  Types  A,  B,  C,  etc.  These  early 
systems  were  generally  ampitude  modulated,  single  sideband,  suppressed  carrier 
systems  designed  for  open  wire  application  (except  Type  E  for  power  line 
application).  Type  A  carrier  was  a  4  channel  system  that  began  service  in 
1918.  Some  of  the  A  carrier  equipment  remained  in  service  until  the  1940's. 
The  3  channel  Type  C  carrier  was  the  most  versatile  and  most  widely  used  of 
the  early  carrier  systems.  The  C  carrier  had  a  wider  voice  frequency 
response,  a  top  frequency  below  30  kHz,  and  a  range  of  1000  to  2000  miles  with 
repeaters  at  125  mile  intervals. 
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2.3.1  The  J  and  K  carrier  systems  developed  in  the  1930 's  were  the 

foundation  of  modern  analog  carrier  systems.  The  two  systems  were 
similar;  J  carrier  was  applied  to  open  wire  and  K  carrier  was  developed  for 
cable  application.  Carrier  frequencies  were  at  multiples  of  4  kHz,  and 
generated  in  12  channel  single  sideband  basic  groups  of  60  to  108  kHz  before 
being  converted  into  other  frequency  allocations.  The  K  carrier  was  the  first 
system  where  the  transmission  medium  (cable)  was  not  shared  with  a  voice 
frequency  channel  or  another  carrier  system.  The  same  carrier  frequencies 
were  used  in  both  directions  of  transmission.  Due  to  near  end  crosstalk, 
separate  cables  were  generally  used  for  the  two  directions  fo  transmission. 


2.3,2  Even  though  the  initial  patent  for  a  coaxial 
was  granted  in  1929,  it  was  1941  when  the  fi 
system  was  placed  in  service.  A  coaxial  cable  or  co 
mission  line  where  one  conductor  completely  surround 
both  sharing  a  common  axis.  A  coaxial  cable  has  no 
subject  to  external  fields  (interference)  from  other 
began  with  480  channels  over  a  pair  of  coaxial  cable 
now  up  to  13,200  channels  over  a  pair  of  coaxial  cab 
of  600  channels  each) . 


cable  transmission  system 
rst  (LI)  coaxial  cable 
axial  line  is  a  trans- 
s  the  other  conductor, 
external  field  and  is  not 
sources.  The  LI  system 
tubes.  The  L5  system  is 
le  tubes  (22  mastergroups 


) 


2.3.3  Service  by  N  carrier  began  in  1950.  The  N  carrier  development 
beginning  in  the  late  1940 's  represents  one  of  the  final  stages  of 

analog  trunk  carrier  development  for  paired  telephone  cables.  The  N  carrier 
was  designed  to  fill  the  need  for  an  economical  short  haul  system  (up  to  200 
miles).  Design  engineers  utilized  existing  technologies  and  explored  new 
techniques  to  improve  transmission  performance  and  reduce  transmission  costs. 
In  a  return  to  design  simplicity,  the  Nl  carrier  was  a  12  channel  double  side- 
band system  with  transmitted  carrier  for  easy  modulation  and  demodulation. 
System  performance  was  improved  through  the  use  of  syllabic  compandors 
(operating  on  speech  syllables).  Compandors  provide  a  signal-to-noise 
advantage,  a  system  crosstalk  advantage,  and  an  idle  channel  noise  advantage. 
This  eased  the  equipment  design  requirements  in  areas  such  as  filtering. 
Compandors  also  eased  the  cable  crosstalk  requirements  eliminating  the  need 
for  extensive  cable  balancing  to  reduce  the  crosstalk  coupling  between  cable 
pairs. 

2.3.4  The  N2  carrier  was  essentially  a  redesign  of  the  Nl  carrier  using 
transistors  instead  of  vacuum  tubes.  The  N3  carrier  was  a  return  to 

single  sideband  to  achieve  24  channels  in  the  same  frequency  range  as  the  12 
channel  Nl  and  N2.  To  keep  the  N  carrier  repeatered  lines  compatible  for  Nl, 
N2  and  N3  terminals,  the  N3  carrier  transmitted  12  pilot  tones  (one  for  each 
pair  of  channels)  corresponding  to  the  12  carrier  frequencies  of  Nl  and  N2 
carrier. 

2.3.5  While  carrier  system  development  was  dominated  by  the  Bell  System, 
Independent  manufacturers  began  contributing  to  this  technology.  The 

contributions  of  Independent  manufacturers  to  carrier  development  have  been 
vital  to  rural  telephony.  However,  the  contributions  are  more  difficult  to 
trace  because  they  are  not  as  well  documented.  Some  factors  are  the  small 
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size,  diversity  and  ownership  changes  of  Independent  manufacturers  over  the 
past  40  to  50  years.  Independent  manufacturers  developed  a  variety  of  unique 
carrier  systems,  as  well  as  systems  that  were  compatible  with  Western  Electric 
carrier  systems.  The  term  "unique"  is  used  to  describe  individual  systems 
that  are  not  compatible  with  other  systems.  Some  systems  were  not  end-to-end 
compatible  but  were  interference  compatible  (coexist)  on  the  same  wire  route. 
An  example  is  the  Lenkurt  33  carrier.  The  33  is  3  channel  open  wire  system 
with  a  carrier  frequency  range  up  to  35  kHz  and  designed  to  be  compatible  on 
the  same  open  wire  route  with  Western  Electric  C  carrier.  Lenkurt  33  carrier 
remained  in  general  service  until  recent  years.  (Some  may  still  be  in  service 
in  isolated  areas.)  Other  trunk  carrier  pioneers  were  Lynch,  Collins, 
Kellogg,  Stromberg  Carlson,  Panhandle  Electric,  North  Electric  and  RF  Labs. 

2.4  Subscriber  carrier  was  developed  to  provide  rural  telephone  service 

where  service  by  other  means  was  not  practical  or  economical.  The  Bell 
System  M  subscriber  carrier  was  placed  in  service  in  1945.  This  was  a  5 
channel  system  applied  to  power  line  distribution  facilities.  Coordinated 
testing  was  conducted  by  the  Bell  System,  rural  electric  cooperatives  and  the 
REA.  While  power  line  carrier  had  been  successfully  applied  to  power 
transmission  facilities,  the  obstacles  of  applying  carrier  to  power 
distribution  facilities  were  formidable  (especially  bridge  taps).  M  carrier 
use  was  limited.  The  Bell  System's  second  attempt  at  subscriber  carrier  was 
the  PI  carrier  in  1954.  The  PI  carrier  was  designed  for  open  wire  or  cable 
application  and  incorporated  several  advanced  technological  develop- 
ments —  the  most  notable  being  the  first  use  of  transistors  in  carrier 
systems.  There  was  limited  use  of  PI  carrier  also.  While  the  Bell  System  has 
primarily  shaped  the  development  of  trunk  carrier  systems,  credit  for  key 
developments  and  the  general  acceptance  of  subscriber  carrier  belong  to  the 
Independent  telephone  industry  --  to  manufacturers,  operating  telephone 
companies  and  organizations  such  as  the  Rural  Electrification  Administration 
(REA). 

2.4.1  Soon  after  the  REA  was  authorized  by  Congress  in  1949  to  make  loans 

for  rural  telephone  service,  REA  engineers  investigated  unique  methods 
to  provide  this  service  economically.  REA  encouraged,  supported  and  worked 
closely  with  carrier  manufacturers  to  develop  subscriber  carrier  for  rural 
service.  The  support  included  a  small  development  contract  for  a  subscriber 
carrier  with  multiparty  selective  ringing  in  late  1951.  Driven  by  the 
necessity  to  overcome  the  economic  and  transmission  impairments  of  serving 
subscribers  in  sparcely  populated  rural  areas.  Independent  telephone  companies 
accepted  subscriber  carrier  and  encouraged  its  continued  development. 
Encouragement  of  trunk  and  subscriber  carrier  development  resulted  in 
advantages  and  disadvantages.  Equipment  became  available  from  multiple 
sources.  However,  each  new  system  often  resulted  in  a  new  carrier  frequency 
allocation  and  generally  restricted  each  wire  line  route  to  one  type  of 
equipment.  In  April  1954,  REA  held  a  Carrier  Coordination  Meeting,  but  was 
unsucessful  in  establishing  a  voluntary  informal  frequency  standard  for 
carrier  systems.  These  subscriber  carrier  systems  had  several  shortcomings, 
but  were  partially  successful  because  they  provided  a  needed  service. 
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2.4.2  About  1960,  there  was  a  gradual  but  certain  shift  toward  cable  carrier 
systems  utilizing  solid  state  electronics,  standby  batteries,  and 

other  improved  features.  This  shift  was  accelerated  by  the  use  of  buried 
cable  facilities.  These  systems  were  designed  for  both  trunk  and  subscriber 
applications.  Examples  of  this  technology  were  the  Panhandle  X  (trunk)  and  XU 
(subscriber)  carrier  systems  and  the  ITT  K24A  (trunk)  and  K24S  (subscriber) 
carrier  systems.  These  cable  carrier  systems  were  built  on  the  experience  of 
open  wire  carrier  systems  and  provided  improved  service  reliability.  Each 
equipment  type  had  its  own  carrier  frequency  allocation,  and  each  cable  route 
had  to  be  dedicated  to  one  type  of  carrier. 

2.4.3  During  the  period  from  1963  to  1965,  REA  again  tried  to  obtain  agree- 
ment on  a  voluntary  carrier  frequency  standard.  Sponsored  by  the  IEEE 

Wire  Communications  Committee,  a  Carrier  Task  Force  met  from  January  1963 
until  October  1964  to  establish  recommended  (voluntary)  frequencies  and  levels 
for  subscriber  cable  carrier.  Even  with  reasonable  outside  support  and 
agreement  within  the  task  force,  the  committee  recommended  further  study 
rather  than  acceptance  of  the  voluntary  standard. 

2.4.4  Prompted  by  the  need  for  a  frequency  standard  and  support  by  some 
manufacturers.  REA  continued  efforts  toward  the  establishment  of 

informal  standards  on  key  items  for  subscriber  cable  carrier.  These  were 
presented  in  an  IEEE  Conference  Paper,  "Objectives  for  a  One  Party  Subscriber 
Carrier  System"  by  A.  H.  Flores  and  J.  M.  Flanigan  of  REA,  June  7-9,  1965. 
This  paper  became  the  informal  guidelines  for  a  new  type  of  subscriber 
carrier.  Lester  Krasin  and  Cliff  Greene  of  the  PED  Company  developed  a  4 
channel  subscriber  carrier  for  the  Superior  Cable  Corporation.  It  was  called 
the  Electronic  Distribution  System  (EDS)  to  denote  a  new  and  innovative  system 
for  subscriber  service.  This  type  of  equipment  (from  all  manufacturers)  came 
to  be  known  as  "station  carrier".  The  improved  characteristics  including 
reliability  and  coordination  of  different  systems  in  the  same  cable  led  to 
widespread  use  of  subscriber  carrier.  Station  carrier  has  been  the  most 
successful  analog  subscriber  carrier  in  the  telephone  industry.  The 
successful  use  of  station  carrier  in  rural  areas  paved  the  way  for  the 
development  of  a  wide  array  of  subscriber  electronic  equipment  and  services. 
Without  this  success,  these  new  systems  and  services  would  have  been 
introduced  more  slowly. 

2.5  Digital  Systems:  The  term  "digital"  refers  to  information  that  is 
*  represented  numerically.  Pulse  code  modulation  (PCM)  is  the  only  form 
of  digital  transmission  used  extensively  for  communications  in  telephony.  PCM 
principles  were  developed  by  Alec  Reeves  of  ITT  in  Europe  in  1937.  At  that 
time,  there  was  no  hardware  available  to  convert  these  concepts  into  practical 
systems.  In  1956,  Bell  Labs  began  the  development  of  the  first  commercial  PCM 
system  using  solid  state  technology.  PCM  carrier  began  commercial  service  in 
1962  —  25  years  after  Reeves  introduced  the  principles  in  PCM. 

2.5.1  The  invention  of  the  solid  state  amplifier  or  transistor  in  1947 

triggered  a  large  scale  electronic  revolution.  The  later  development 
of  the  integrated  circuit  enhanced  the  role  of  digital  technology  for  computer 
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and  communications  systems.  John  Bardeen,  Walter  Brattain  and  William 
Shockley  developed  the  transistor  at  Bell  Laboratories  in  1947.  Development 
of  the  integrated  circuit  is  generally  credited  to  the  independent  work  of 
Jack  Kilby  of  Texas  Instruments  and  Robert  Noyce  of  Fairchild  during  the  1958- 
59  period. 

2.5.2  The  Bell  System's  PCM  system  was  designated  as  the  Western  Electric  Tl 
carrier  system.  Bell  developed  digital  system  building  blocks  or 

modules,  and  identified  the  digital  transmission  system  as  Tl  span  lines  and 
the  encoding  and  decoding  PCM  terminals  as  Dl  channel  banks.  From  this 
beginning,  a  digital  hierarchy  concept  was  developed  for  the  trunk  network. 
Independent  manufacturers  began  the  development  of  compatible  digital  trunk 
carrier  equipment  in  the  mid  1960's.  REA  placed  the  first  digital  trunk 
carrier  on  the  List  of  Materials  in  1968;  that  same  year,  30  percent  of  the 
trunk  carrier  channels  purchased  by  REA  borrowers  were  digital.  This  new 
technology  showed  promise  in  all  areas  of  telephone  communications. 

2.5.3  Again  prompted  by  need,  the  Independent  telephone  industry  pioneered 
in  the  development  and  use  of  PCM  subscriber  carrier.  Adaptations  of 

the  Tl-Dl  PCM  carrier  were  developed  by  Indeoendent  manufacturers  and  applied 
to  rural  subscriber  loop  plant  before  1970.  PCM  carier  had  been  developed  as 
an  interexchange  metropolitan  area  carrier  system.  The  introduction  of  this 
equipment  into  rural  areas  brought  on   problems  --  especially  when  applied  to 
subscriber  cables.  The  additional  problems  of  electronic  component 
reliability  and  accelerated  moisture  ingress  into  air  core  cables  during  the 
early  1970 's  combined  to  present  a  formidable  challange  to  the  use  of  digital 
carrier  in  rural  areas.  Through  a  series  of  investigations  and  actions, 
digital  carrier  was  made  more  reliable  and  more  adaptable  to  rural  appli- 
cations. 

2.5.4  Digital  transmission  techniques  have  now  been  extended  into  switching 
systems.  Early  Bell  efforts  were  concentrated  on  digital  toll 

switches,  while  the  Independent  manufacturers  have  concentrated  on  integrated 
Class  5  digital  switches,  remote  switches,  digital  subscriber  carrier  and 
digital  subscriber  line  concentrators.  The  accelerating  development  of 
integrated  circuits  has  further  enhanced  the  role  of  digital  transmission  and 
switching  systems  in  telephony.  Major  parts  of  telephone  systems  can  be 
incorporated  into  one  or  several  integrated  circuits.  The  circuit  elements  or 
information  that  can  be  stored  on  a  single  integrated  circuit  continues  to 
expand,  providing  new  markets  for  these  devices.  An  increase  in  the  use  of 
data  transmission  by  telephone  business  customers  is  expected  in  the  future. 
Digital  transmission  systems  are  especially  suited  for  efficient  data 
transmission.  The  developed  technology  and  hardware  have  expanded  the 
application  of  this  equipment  such  that  few  areas  of  telephony  remain 
untouched  by  digital  transmission  and  switching. 
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3.  CARRIER  SYSTEM  CLASSIFICATION 

3.1  Classification:  The  characteristics  of  specific  carrier  equipment  and 
systems  are  shaped  by  the  design  engineer  by  optimizing  the  service  and 
application  criteria,  available  component  hardware  and  cost.  From  this 
optimization  evolved  classes  of  carrier  systems  with  unique  characteristics. 
Some  of  these  classifications,  functions  and  characteristics  are  briefly 
summarized. 

3.1.1  Trunk  and  Subscriber  Carrier  represent  classification  by  service. 
Trunk  carrier  is  used  to  provide  circuits  between  central  office 

switches.  Subscriber  carrier  is  used  to  provide  circuits  between  a  central 
office  switch  and  subscribers.  The  primary  difference  between  trunk  and 
subscriber,  carrier  is  in  the  signaling.  Trunk  signaling  primarily  transmits 
dialing  information  and  supervisory  status  between  central  office  switches. 
Subscriber  signaling  primarily  transmits  ringing  information  from  the  central 
office  to  the  subscriber  end;  and,  on-hook  and  off -hook  status  as  well  as 
dialing  information  from  the  subscriber  to  the  central  office  end. 

3.1.2  Classification  by  application  includes  cable  carrier,  open  wire 
carrier  and  power  line  carrier.  Early  carrier  systems  were  applied  to 

open  wire  telephone  facilities  and  later  to  power  line  facilities.  These 
facilities  are  characterized  by  low  transmission  losses,  except  during  adverse 
weather  conditions.  Cable  facilities  exhibited  higher  transmission  losses 
than  open  wire,  but  represented  a  much  more  controlled,  stable  and  shielded 
environment  for  transmission.  As  gain  devices  became  more  practical  and 
reliable,  cable  became  the  primary  transmission  medium  for  carrier.  Cable 
carrier  transmit  levels  are  generally- in  the  order  of  0  dBm,  or  1  milliwatt. 
Open  wire  transmit  levels  were  in  the  order  of  +5  dBm  to  +20  dBm,  or  3  to  100 
milliwatts.  Power  line  carrier  transmit  levels  are  greater  than  +30  dBm,  or 
in  the  watts  range.  Power  line  carrier  systems  have  been  widely  used  by  power 
utilities  applied  to  transmission  lines  for  voice  and  telemetry.  Because  of 
the  high  cost  of  filtering,  power  line  carrier  for  distribution  facility 
application  is  generally  not  practical  for  voice  service,  but  is  used 
extensively  for  telemetry  (signal-to-noise  less  critical). 

3.1.3  As  a  variation  of  classification  by  service  or  application,  carrier 
is  often  classified  by  certain  component  hardware,  modulation 

technique  or  other  distinguishing  characteristic.  As  transistors  replaced 
vacuum  tubes,  the  equipment  was  often  called  "transistorized"  carrier.  Modern 
day  carrier  systems  are  designed  around  the  use  of  solid  state  components  such 
as  transistors  and  integrated  circuits;  thus,  the  term  "transistorized"  faded 
as  quickly  as  it  was  born.  Other  comparison  catagories  in  this  area  are 
analog  and  digital,  amplitude  modulated  and  frequency  modulated,  compandored 
and  noncompandored,  repeatered  and  nonrepeatered,  short  haul  and  long  haul, 
etc. 


) 


3.2  System  Components:  The  fundamentals  of  analog  carrier  are  presented 
the  following  manner.  The  basic  building  blocks  of  an  analog  cable 
carrier  terminal  are  illustrated  in  Figure  3  and  line  repeaters  are 
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illustrated  in  Figure  4.  A  12  channel  amplitude  modulated,  double  sideband 

system  with  transmitted  carrier  for  each  channel  is  used  as  a  model 

(AM  DSBTC).  Variations  of  the  model  are  also  discussed  as  each  block  is 

examined.  After  the  basic  building  blocks  are  examined  individually,  the 

block  diagram  is  examined  as  a  unit  by  tracing  a  signal  through  a  carrier 

system. 

4.  CARRIER  SYSTEM  COMPONENTS 

4.1  Filters:  Wave  filters  are  among  the  most  important  units  of  analog 

carrier  systems.  A  wave  filter  is  used  for  separating  electrical 
signals  or  waves  on  the  basis  of  frequency.  It  introduces  a  relatively  small 
insertion  loss  at  some  frequencies  and  a  relatively  large  insertion  loss  at 
other  frequencies.  Through  the  use  of  wave  filters,  separately  generated 
electrical  signals  can  be  mixed  or  multiplexed  at  the  transmission  end  and 
separated  or  demultiplexed  at  the  receiving  end  of  a  common  transmission 
facility  or  other  medium.  Electrical  filters  using  passive  electrical 
components  (inductors,  capacitors  and  resistors)  are  used  to  illustrate  filter 
characteristics.  Active  filters  are  now  in  wide  use  in  carrier  systems,  but 
have  not  completely  replaced  passive  filters  in  analog  carrier  systems.  An 
active  filter  consists  an  amplifier,  resistors  and  capacitors  where  filtering 
(separation)  is  accomplished  by  amplifier  feedback  and  wave  phase  relation- 
ships. Wave  filtering  is  also  accomplished  by  mechanical,  piezoelectric, 
acoustic  and  other  means.  Electrical  wave  filters  are  generally  classified  as 
low-pass,  high-pass,  band-pass  and  band-rejection.  Figure  5  illustrates  some 
simple  examples  of  these  four  types  of  filters. 

4.1.1  Low-pass  filters  pass  electrical  currents  from  dc  up  to  a  specified 
frequency  (the  cut-off  frequency)  with  minimum  loss,  and  attenuate  or 

reject  frequencies  above  this  specified  frequency. 

4.1.2  High-pass  filters  pass  electrical  currents  above  a  specified  frequency 
(also  called  the  cut-off  frequency)  with  minimum  loss,  and  attenuate 

or  reject  frequencies  below  this  specified  frequency. 

4.1.3  Band-pass  filters  pass  electrical  currents  within  a  specified 
frequency  band,  and  attenuate  or  reject  frequencies  outside  the 

specified  band  of  frequencies.  The  midpoint  of  the  passband  is  called  the 
center  frequency  or  resonant  frequency.  The  passband  edges  are  called  the 
cut-off  frequencies,  or  the  lower  cut-off  frequency  and  the  upper  cut-off 
frequency. 

4.1.4  Band-rejection  filters  attenuate  or  reject  a  specific  frequency  or 
band  of  frequencies,  and  generally  pass  all  electrical  currents 

outside  the  rejection  band  with  minimum  loss. 

4.1.5  Low-pass  and  high-pass  filterss  are  used  to  separate  voice  frequency 
and  carrier  frequency  signals,  or  to  separate  broad  groups  of  carrier 

frequencies.  An  example  of  the  latter  case  is  the  use  of  low-pass  and  high- 
pass  filters  in  a  carrier  repeater  to  separate  the  directions  of  signal 
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transmission.  Low-pass  and  high-pass  filters  may  also  be  used  in  combination 
to  form  a  band-pass  filter  with  a  wide  passband.  Band-pass  filters  are  most 
frequently  used  to  separate  the  analog  carrier  frequency  spectrum  into 
channels'.  Each  carrier  channel  is  assigned  a  transmit  frequency  and  a  receive 
frequency,  each  of  which  is  separated  by  a  band-pass  filter.  Band-rejection 
filters  are  special  purpose  devices.  One  of  the  most  common  uses  of  band- 
rejection  filters  is  for  signaling.  A  sharp  band-pass  filter  (narrow  band- 
pass frequency  range)  is  used  to  accept  the  signaling  frequency  for 
demultiplexing  along  with  a  sharp  band-rejection  filter  (narrow  band-rejection 
frequency  range)  to  keep  the  signaling  frequency  out  of  the  voice  frequency 
circuit. 

4.2  Oscillators:  Oscillators  are  electronic  devices  that  generate  sustained 
alternating  currents  at  one  frequency.  An  oscillator  may  be  considered 
an  amplifier  with  positive  feedback;  the  amplifier  circuit  parameters  and 
components  determine  the  frequency  of  oscillation  (Figure  6).  The  oscillator 
frequency  may  be  determined  almost  entirely  by  the  resonant  frequency  of  an 
inductor-capacitor  tuned  circuit  or  by  a  piezoelectric  crystal  for  high 
frequency  stability.  Where  frequency  stability  is  less  critical,  oscillation 
can  be  sustained  by  using  an  amplifier,  resistors  and  capacitors  in  a  circuit 
similar  to  that  of  our  active  filter  using  positive  feedback  and  a  net  gain 
greater  than  unity  at  the  frequency  of  interest. 

4.2.1  Oscillators  are  used  to  generate  carrier  frequencies  for  each  carrier 
channel,  pilot  frequencies  and  group  modulation  frequencies.  The 
major  use  of  oscillators  at  voice  frequencies  in  a  carrier  system  is  for 
channel  signaling.  Low  density  analog  carrier  systems  often  use  a  separate, 
independent  oscillator  for  each  carrier  channel  transmitter.  Higher  density 
wire  line  carrier  and  radio  multiplex  systems  require  more  precise 
oscillators.  Each  carrier  frequency  may  be  generated  from  one  primary 
frequency  source  in  multiples  of  4  kilohertz  using  a  phase  lock  loop  or  other 
technique  for  synchronization.  Higher  density  systems  generally  transmit  only 
one  sideband  to  conserve  frequency  spectrum,  and  suppress  the  carrier  to 
reduce  system  loading.  A  pilot  tone  is  transmitted  to  the  distant  end  for 
system  regulation,  and  for  the  precise  regeneration  of  carrier  frequencies  for 
demodulation.  A  small  amount  of  frequency  drift  may  not  be  critical  for  low 
density  analog  carrier  systems,  but  frequency  stability  becomes  s/ery   critical 
for  higher  density  systems. 


4.3  Modulators:  Modulators  are 
carrier  frequency  to  form  a 
often  called  "mixer".  Modulation 
contained  in  a  lower  frequency  si 
higher  frequency  signal  is  called 
is  the  modulating  signal.  The  vo 
contained  in  the  sidebands  of  the 
Analog  carrier  systems  generally 
modulation  (FM)  or  phase  modulati 
and  are  often  simply  called  FM. 


used  to  combine  voice  frequencies  with  a 
modulated  carrier  frequency.  A  modulator  is 
is  a  process  of  imposing  the  information 

gnal  on  a  higher  frequency  signal.  The 
the  carrier  and  the  lower  frequency  (voice) 

ice  frequency  information  or  intelligence  is 
carrier,  and  not  in  the  carrier  itself. 

use  amplitude  modulation  (AM),  frequency 

on  (PM)  techniques.  FM  and  PM  are  similar. 
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4.3.1  The  intelligence  of 
the  sidebands.  The 
relative  amplitude  of  the  s 
signal  determines  the  frequ 
contained  in  the  frequency 
modulating  signal  determine 
the  carrier;  and  the  freque 
(frequency)  at  which  the  si 
amplitude  of  the  FM  signal 


AM  is  contained  in  the  amplitude  and  frequency  of 
amplitude  of  the  modulating  signal  determines  the 
idebands;  and  the  frequency  of  the  modulating 
ency  of  the  sidebands.  The  intelligence  of  FM  is 
components  of  the  sideband.  The  amplitude  of  the 
s  the  sideband  frequency  deviation  or  swing  from 
ncy  of  the  modulating  signal  determines  the  rate 
deband  deviates  or  swings  from  the  carrier.  The 
remains  constant. 


• 


4.3.2  This  discussion  will  focus  on  amplitude  modulation  only.  Carrier 
systems  use  double  sideband  (DSB),  single  sideband  (SSB)  and  sometimes 

vestigial  sideband  (VSB)  AM.  SSB  AM  and  VSB  AM  are  similar.  SSB  eliminates 
one  sideband  by  using  a  sharp  cutoff  bandpass  filter.  VSB  suppresses  one 
sideband  by  having  a  gradual  cutoff  near  the  carrier  frequency.  Most  DSB  AM 
systems  transmit  a  carrier  signal  for  each  channel,  and  most  SSB  AM  systems 
suppress  the  channel  carrier  and  transmit  one  or  more  pilot  signals  for  the 
regulation  of  channel  groups  or  systems.  To  conserve  frequency  spectrum  and 
minimize  system  loading,  higher  density  radio  and  coaxial  cable  systems  use  AM 
SSB  transmision.  Low  density  carrier  systems  (up  to  about  12  channels)  for 
exchange  cable  application  generally  use  AM  DSB  with  a  carrier  transmitted  for 
each  channel.  To  achieve  more  channels  on  exchange  cables  (up  to  24),  some 
systems  use  AM  SSB  with  a  carrier  or  pilot  signal  transmitted  for  each  channel 
or  each  pair  of  channels. 

4.3.3  The  modulator  used  for  illustrative  purposes  is  AM  DSB  with  trans- 
mitted carrier.  Figure  7  illustrates  a  simple  modulator  that  is 

composed  of  the  oscillator  in  Figure  6  plus  two  resistors  and  a  capacitor. 
Figure  2  is  referenced  for  the  following  discussion.  When  a  carrier  frequency 
(Fl)  and  a  voice  frequency  (F2)  are  fed  into  a  modulator,  the  resultant  output 
includes  the  input  signals  (Fl  and  F2)  and  the  sum  and  difference  frequencies 
of  the  input  signals  (Fl  +  F2  and  Fl  -  F2).  For  a  carier  frequency  (Fl)  of 
100  kHz  and  voice  frequency  (F2)  of  1  kHz,  the  output  consists  of  1  kHz  (F2), 

99  kHz  (F1-F2),  100  kHz  (Fl)  and  101  kHz  (Fl  +  F2).  The  voice  frequency  is 
discarded  and  the  carrier  and  sidebands  are  retained  by  filtering.  At  full 

100  percent  modulation,  each  of  the  two  sideband  signals  would  measure  6  dB 
below  the  carrier.  (The  combined  two  sidebands  would  be  3  dB  below  the 
carrier.)  To  provide  for  overload  margin,  a  zero  dBm  modulatng  voice 
frequency  results  in  modulating  typical  sideband  signals  that  are  9  to  12  dB 
below  the  carrier  as  illustrated  in  Figure  2B.  The  frequencies  and  levels  of 
carrier  and  sideband  signals  can  be  readily  measured  individually  using  a 
frequency  selective  voltmeter  (FSVM)  with  a  narrow  passband  selectivity. 

4.4  Demodulators:  Demodulators  are  used  to  recover  the  voice  signal  from 

modulated  carrier  signal.  This  is  accomplished  by  separating  the  voice 
and  carrier  frequency  signals  from  the  modulated  carrier  signal,  and  then 
eliminating  the  carrier  signal.  A  simple  demodulator  for  AM  DSB  consists  of  a 
series  diode  for  rectification,  a  shunt  capacitor  for  elimination  of  the 
carrier,  and  a  resistor  to  complete  the  electrical  circuit  (Figure  8).  Only 
one  sideband  is  necessary  for  demodulation;  but  the  demodulation  of  suppressed 
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carrier  AM  requires  that  the  carrier  be  reconstructed  before  demodulation  can 
take  place. 


4.5  Amplifiers:  An  amplifier  is  a  device  that 
enlarged  reproduction  (higher  level)  of  the 
without  altering  other  input  signal  characteristi 
electronic  gain  devices  to  boost  the  strength  of 
level.  Amplifiers  in  carrier  systems  are  used  at 
carrier  frequency.  Figure  9A  illustrates  a  simpl 
integrated  circuit  operational  amplifier  (op  amp) 
is  more  frequently  encountered  in  modern  electron 
amp  is  a  versatile  device  used  for  a  variety  of  p 
cation,  signal  comparison,  etc.) 


4.6 


produces  at  its  output  an 

input  signal,  usually 
cs.  Amplifiers  are 
weak  signals  to  a  usable 
dc,  voice  frequency  and 
e  transistor  amplifier.  The 
as  illustrated  in  Figure  9B 
ic  systems.  (Note:  The  op 
urposes  including  amplifi- 


Hybrid  Circuits:  In  telephony,  a  hybrid  circuit  is  a  4-wire  to  2-wire 
termination  set  or  signal  combiner.  The  term  hybrid  generally  refers  to 
combining  or  mixing  in  some  form.  In  electronics,  hybrid  refers  to  the  com- 
bining of  technologies  such  as  vacuum  tubes  and  transistors,  thin  film  and 
discrete  integrated  circuits,  etc.  In  this  text,  hybrids  and  hybrid  circuits 
refer  to  signaling  combining.  Most  often,  it  refers  to  one-coil  and  two-coil 
hybrid  transformer  circuits. 


4.6.1  A  wheatstone  bridge  circuit  (Figure  lOA)  is  used  to  illu 
function  and  characteristics  of  a  hybrid  circuit.  If  al 
are  equal,  the  wheatstone  bridge  is  "balanced"  and  no  oscillator 
minimum  signal)  reaches  the  voltmeter  or  detector.  The  same  is 
ratio  of  R1/R3  is  equal  to  R2/R4.  This  is  a  simple  hybrid  circu 
and  R2  are  the  hybrid,  R3  is  the  balancing  network  and  R4  is  the 
circuit.  The  oscillator  represents  the  carrier  demodulator  and 
represents  the  carrier  modulator.  Rl  and  R2  (hybrid)  are  genera 
R3  (balancing  network)  is  adjusted  to  match  R4  (2-wire  line)  for 
signal  into  the  voltmeter.  R3  and  R4  are  actually  complex  imped 
than  resistors. 


strate  the 
1  resistors 

signal  (or 
true  when  the 
it  where  Rl 

2-wire  line 
the  voltmeter 
lly  equal,  and 

minimum 
ances  rather 


4.6.2  The  similarity  or  difference  between  two  impedances  may  be  expressed 

in  several  ways.  Impedance  ratio  is  an  expression  that  recognizes  the 
impedance  magnitude  relationship,  but  excludes  the  impedance  phase  relation- 
ship. Return  loss  (RL)  is  the  method  chosen  in  telephony  to  compare  both  the 
magnitude  and  phase  relationships  of  two  impedances.  Return  loss  is  expressed 
in  decibels  (dB),  and  can  be  readily  calculated  and  measured.  Return  loss  is 
calculated: 


RL  (dB)  =  20  log 


Zl  +  12 


Zl  -  Z2 


ii 


) 


A  comparison  of  600  and  900  ohms  (Zl  =  600  ohms  and  Z2  =  900  ohms)  yields 
14  dB  return  loss.  This  can  be  readily  measured  by  using  a  test  hybrid  as 
illustrated  in  Figure  lOB.  The  degree  of  match  or  balance  between  Zl  and  Z2 
determines  the  voltmeter  reading,  or  return  loss.  A  perfect  match  of  Zl  and 
Z2  yields  infinite  return  loss  (no  voltmeter  reading).  Zl  of  Figure  lOB 
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(balancing  network)  is  the  same  as  R3  of  Figure  lOA.  Z2  of  Figure  lOB  (line) 
is  the  same  as  R4  of  Figure  lOA. 

4.6.3  A  two-coil  hybrid  is  used  to  more  specifically  illustrate  the  function 
of  the  hybrid  in  a  carrier  circuit  (Figure  IOC).  The  object  is  to 

choose  a  balancing  network  to  match  the  2-wire  line  impedance  and  minimize  the 
signal  from  the  demodulator  that  "spills"  across  the  hybrid  to  the  modulator 
to  be  transmitted  back  to  the  distant  end.  Signals  that  spill  across  the 
hybrid  result  in  echo  or  other  degrading  characteristics  at  the  originating 
distant  end.  A  balancing  network  is  chosen  to  approximate  the  2-wire  line 
impedance.  One  standard  balancing  network  is  900  ohms  in  series  with  2.16 
microfarads,  and  is  called  a  compromise  network.  Maximum  signal  will  cross 
the  hybrid  from  the  demodulator  to  the  modulator  if  the  line  is  open  or  short 
circuited.  This  maximum  signal  at  the  modulator  is  considered  a  "reference". 
A  typical  reference  is  7.0  dB  loss  across  the  hybrid,  or  3.5  dB  for  each 
transformer.  Any  improvement  or  loss  of  signal  below  this  reference  reflects 
the  balance  or  match  between  the  network  and  line,  and  is  expressed  as  trans- 
hybrid  balance  which  is  similar  to  return  loss.  (Return  loss  is  actually  an 
input  impedance  measurement  that  considers  both  near  end  and  far  end  effects.) 
If  the  network  and  line  are  matched,  the  current  from  the  demodulator  into  the 
network  and  line  are  equal.  This  results  in  equal  currents  in  L2.  Note  that 
the  phase  of  coil  windings  in  L2  are  opposite.  Since  L2a  and  L2b  are  equal 
and  opposite,  the  currents  cancel  and  no  signal  is  induced  across  L2  into  the 
modulator.  The  degree  of  match  between  the  network  and  line  determine  the 
transhybrid  balance.  The  network  and  line  are  complex  impedances  and  both 
magnitude  and  phase  angle  of  these  impedances  determine  the  transhybrid 
balance. 

4.6.4  The  input  or  terminal  impedance  of  a  carrier  hybrid  (measured  and 
expressed  as  return  loss)  is  determined  by  the  modulator  and 

demodulator  impedance  and  the  hybrid  coil  turns  ratio.  The  modulator  and 
demodulator  act  in  parallel  to  terminate  a  signal  entering  the  hybrid  from  the 
2-wire  line.  The  near  end  balancing  network  has  an  insignificant  effect  on 
the  input  impedance  of  the  hybrid  unless  the  modulator  and  demodulator 
impedances  are  severely  mismatched.  (The  match  between  the  network  and  line 
at  the  far  end  affect  the  near  end  input  impedance  and  return  loss.) 

4.6.5  Proper  carrier  system  hybrid  design  is  important  to  minimize  echo, 

<  singing  and  other  degrading  characteristics  in  the  telephone  network. 

Echo  is  a  problem  only  on  long  distance  circuits.  However,  a  local  trunk  or 
subscriber  carrier  with  poor  terminal  impedance  characteristics  may  cause  echo 
problems  when  it  is  connected  to  long  distance  circuits.  Therefore,  each  part 
of  the  telephone  system  must  be  designed  to  certain  standards  to  provide  good 
service  in  the  telephone  network. 

4.6.6  Figure  lOD  illustrates  two  subscribers  connected  by  a  carrier  system 
(assume  a  long  distance  between  subscribers).  The  degree  of  match 

(transhybrid  balance)  between  the  network  and  line  at  the  West  terminal 
determines  the  talker  echo  for  the  East  subscriber.  (Talker  echo  occurs  when 
the  talker  hears  an  echo  of  his  own  voice.)  Likewise,  the  network  and  line 
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match  at  the  East  terminal  determines  the  talker  echo  for  the  West  subscriber. 
Listener  echo  can  occur  only  if  the  transhybrid  balance  is  poor  at  both  ends. 
(Listener  echo  occurs  when  the  listener  hears  the  talker  plus  an  echo  from  the 
talker.) 

4.6.7  The  input  or  terminal  impedance  of  the  hybrid  is  important  because  the 

local  carrier  system  becomes  the  terminating  impedance  of  other  links 
such  as  a  long  distance  carrier  system.  If  the  path  between  the  East  and  West 
terminal  is  open  or  broken,  the  input  impedance  is  entirely  a  function  of  the 
modulator  and  demodulator  impedance  and  the  turns  ratio  of  the  hybrid  coils. 
With  the  completed  path  between  the  terminals,  this  basic  hybrid  input 
impedance  is  modified  by  the  signal  returning  form  the  distant  end.  Thus,  the 
final  input  impedance  of  East  terminal  is  a  function  of  the  (a)  loss  from  East 
to  West,  (b)  transhybrid  balance  at  the  West  terminal,  and  (c)  the  loss  from 
West  to  East.  The  return  signal  acts  to  partially  add  to  or  cancel  the 
original  signal,  modifying  the  basic  input  impedance.  These  effects  can 
readily  be  verified  by  return  loss  measurements. 

4.7  Compandors:  A  compandor  is  an  abbreviated  term  for  a  compressor  and 
expander.  A  compandored  carrier  system  utilizes  a  compressor  on  the 
transmitting  end  and  expandor  on  the  receiving  end  of  each  channel.  Com- 
pandors are  used  in  analog  carrier  systems  to  improve  the  channel  noise  and 
crosstalk  performance.  Analog  compandors  operate  at  a  syllabic  rate,  on 
syllables  of  speech.  Syllabic  compandors  used  in  analog  systems  should  not  be 
confused  with  instantaneous  compandors  used  in  digital  transmission  systems. 
(The  instananeous  compandor  in  digital  systems  is  used  to  achieve  nonlinear 
encoding.) 

4.7.1  Compandors  improve  the  channel  noise  during  quiet  periods  and  improve 
the  signal-to-noise  (S/N)  ratio  during  speech  periods.  The  expandor 

portion  of  the  compandor  acts  to  reduce  noise  and  crosstalk.  During  quiet 
periods  when  both  parties  are  listening,  the  noise  and  crosstalk  must  be  kept 
at  yery   low  levels  to  avoid  customer  complaints.  The  worst  type  of  crosstalk 
is  intelligible  crosstalk  where  speech  from  other  channels  or  systems  can  be 
heard  and  understood.  The  compressor  acts  to  improve  the  speech  S/N  ratio  by 
compressing  a  wide  range  of  speech  levels  into  a  narrower  range  of  levels.  In 
effect,  the  weak  speech  levels  are  boosted  before  modulation  takes  place. 
While  talking  on  a  channel,  the  noise  can  increase  considerably  before  it 
becomes  disturbing.  The  controlling  factor  becomes  S/N,  and  not  noise 
alone.  A  S/N  ratio  of  25  to  30  dB  is  generally  sufficient  for  high  quality 
speech  transmission. 

4.7.2  Figure  11  illustrates  how  a  compandor  reduces  noise.  In  this 
illustration,  a  60  dB  range  of  speech  is  compressed  into  a  30  dB  range 

(2  to  1  compression).  With  0  dB  (not  necessarily  0  dBm)  as  a  high  level 
reference,  0  dB  signal  levels  remain  unchanged  by  the  compressor.  All  lower 
level  signals  are  compressed  on  a  2  to  1  basis.  A  -20  dB  signal  becomes 
-10  dB,  -40  dB  becomes  -20  dB,  etc.  At  the  distant  end,  the  expandor  returns 
the  signals  to  their  original  level.  The  compandor  must  "track"  or  compress 
and  expand  equally  over  this  range  of  speech  levels  to  restore  the  original 
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signal.  Noise  and  crosstalk  interference  are  of  greater  concern  after 
modulation  (thus,  after  compression)  than  before  modulation.  A  high  level 
noise  of  40  dB  below  full  modulation  (i.e.,  0  dB)  is  used  to  illustrate 
compandor  advantage. 

4.7.3  A  speech  signal  at  -20  dB  is  compressed  to  -10  dB.  This  results  in 

30  dB  S/N  ratio  over  the  -40  dB  noise  level.  Without  compression,  the 
S/N  would  only  be  20  dB.  Thus,  the  compressor  has  provided  a  10  dB  S/N 
improvement.  At  the  receiver,  the  expandor  restores  the  speech  level  to 
-20  dB.  The  compandor  operates  at  a  syllabic  rate.  That  is,  the  compression 
and  expansion  change  as  a  function  of  the  composite  power  in  each  syllable  of 
speech.  During  speech,  the  expandor's  role  is  to  restore  the  speech  to  its 
original  level.  The  expandor  serves  no  other  function  during  speech. 

4.7.4.  During  the  quiet  period  (both  parties  listening),  the  compandor 
provides  maximum  compression  and  expansion.  The  -40  dB  noise  is 
expanded  by  30  dB  to  -70  dB.  This  would  be  measured  as  20  dBrncO  noise 
(C-message  weighted  noise  referenced  to  zero  level).  Without  the  expandor, 
the  noise  would  measured  -40  dB,  or  50  dBrncO.  The  compressor  serves  little 
purpose  during  this  quiet  condition.  It  is  the  expandor  that  provides  the 
channel  noise  improvement  during  the  quiet  period.  The  30  dB  improvement 
illustrated  in  this  example  is  typical. 

4.8  Level  Regulation:  Regulation  is  required  in  carrier  systems  to  main- 
tain carrier  frequency,  voice  frequency  and  signaling  levels  within 
certain  operating  ranges.  Regulation  is  often  accomplished  by  dc  feedback 
rectified  from  a  demodulator  or  amplifier  output.  It  is  often  called  inverse 
automatic  gain  control  (lAGC)  because  it  is  a  negative  or  inverse  feedback 
component  used  to  control  the  gain  of  an  amplifier.  Through  the  use  of  lAGC 
in  modern  semiconductor  components,  installation  and  maintenance  adjustments 
have  been  minimized  or  eliminated. 

4.8.1  Two  major  areas  where  gain  adjustments  have  not  been  completely 
eliminated  are  the  setting  of  voice  frequency  net  loss  and  analog 

repeater  gain  and  slope.  Voice  frequency  net  loss  adjustments  remain  in  trunk 
carrier  systems  to  allow  for  flexibility;  loss  adjustments  have  been  minimized 
or  eliminated  in  most  types  of  subscriber  carrier  equipment.  While  gain 
adjustments  have  been  minimized  in  carrier  repeaters,  some  form  of  gain  and 
slope  adjustment  is  still  required  on  long  haul  analog  carrier  systems  to 
compensate  for  the  cumulative  effects  of  level  variation. 

4.8.2  Perhaps  the  major  use  of  lAGC  is  to  maintain  a  constant  voice 
frequency  level  or  net  loss.  Figure  12  illustrates  how  this  might  be 

accomplished  by  combining  the  simple  AM  demodulator  and  amplifier  discussed 
earlier.  The  demodulated  carrier  signal  contains  rectified  dc  as  well  as 
voice  frequencies.  The  dc  is  fed  back  to  change  the  bias  of  one  or  more 
transistor  amplifier  circuits,  which  changes  the  amplifier  gain.  A  strong 
incoming  carrier  signal  provides  a  large  rectified  dc  to  reduce  the  amplifier 
gain.  A  weak  incoming  carrier  signal  provides  a  smaller  dc  which  allows  the 
amplifier  gain  to  increase.  This  provides  an  automatic  gain  control  through 
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the  use  of  feedback. 
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Signaling:  Since  a  carrier  system  transmits  information  in  the  form 
of  modulation,  functions  such  as  off  hook,  on  hook,  dial  pulses  and 
ringing  must  be  converted  into  signals  to  modulate  the  carrier  before 
transmission.  Signaling  transmission  requires  only  status  recognition,  and 
does  not  need  the  wide  dynamic  range  and  low  noise  required  for  voice 
frequence  transmission.  Thus,  signaling  and  voice  modulation  are  handled 
separately  over  a  common  transmission  medium.  Central  office  signaling  and 
supervision  functions  are  recognized  by  the  carrier  channel,  converted  into  an 
efficient  modulation  form,  transmitted  to  the  distant  carrier  terminal, 
detected  and  regenerated.  The  key  point  is  that  the  function  is  regenerated. 
A  carrier  system  can  regenerate  a  signal  or  function  only  if  it  falls  within 
the  design  capability  of  the  carrier  system  to  identify  and  transmit  the 
signal.  Certain  interface  criteria  must  be  established  for  proper 
recognition,  transmission  and  regeneration  of  signaling  functions.  The 
following  is  a  brief  description  of  several  signaling  functions  and  common 
methods  of  transmitting  those  functions  over  analog  trunk  and  subscriber 
carrier  systems. 

4.9.1  Modulation:  The  most  common  methods  of  carrier  modulation  for  analog 

transmission  of  signaling  functions  are  direct  modulation,  inband 
tones,  out-of-band  tones,  carrier  interruption,  and  separate  paths.  These 
techniques  may  be  used  individually  or  in  combination. 

4.9.1.1  Direct  Modulation:  Ringing  is  sometimes  reduced  in  level  and 
modulation  directly  on  the  carrier  without  translation.  Direct 

modulation  of  ringing  is  a  simple  method  of  providing  ring  frequency 
identification  for  multiparty  frequency  ringing.  Direct  modulation  is  often 
used  in  combination  with  another  technique  to  minimize  false  ringing. 

4.9.1.2  Inband  Tones:   Inband  tones  are  keyed  or  turned  on  and  off  and 
applied  directly  to  the  voice  frequency  terminals  of  the  carrier. 

The  inband  tones  must  be  within  the  voice  frequency  passband  of  the  carrier, 
generally  between  500  and  3000  hertz.  The  most  common  frequency  is  2600  hertz 
applied  on  a  4-wire  basis  only  (also  called  SF  signaling).  Two  (or  more) 
frequencies  must  be  used  for  signaling  in  both  directions  over  2-wire 
circuits;  2400  and  2600  hertz  are  the  most  common  frequencies.  Inband 
signaling  may  be  an  integral  part  of  the  carrier  system,  or  may  be  applied 
externally  to  the  modulator  and  demodulator  (4-wire).  Inband  signaling  units 
are  complex  devices  designed  to  guard  against  false  signaling  and  talk-off 
from  the  subscriber's  voice  conversation.  During  the  dynamic  conditions  of 
speech  transmission,  the  inband  signaling  receiver  will  not  respond  to  a 
signaling  frequency  tone  (i.e.,  2600  hertz)  unless  the  level  of  that  tone  is 
greater  than  the  composite  speech  power  level.  The  voice  circuit  generally 
cannot  be  properly  measured  with  a  single  frequency  tone  slowly  swept  across 
the  passband.  A  notch  in  the  bandpass  response  will  generally  be  measured 
near  the  signaling  frequency  unless  another  guard  tone  is  also  transmitted. 
This  notch  is  to  keep  the  inband  signaling  tone  from  being  transmitted  beyond 
the  signaling  receiver.  Inband  signaling  is  generally  used  to  transmit 
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off -hook  and  on-hook  status,  but  is  sometimes  used  to  transmit  ringing  and 
other  information. 

4.9.1.3  Out-of -Band-Tones :  When  out-of-band  signaling  is  used,  it  is 
usually  an  integral  part  of  the  carrier  system  design.  Out-of-band 

signaling  units  utilize  frequencies  above  3200  hertz,  usually  between  3700  and 
3900  hertz.  The  signaling  frequencies  are  modulated  on  the  carrier,  but  are 
kept  separate  from  the  voice  passband  by  filters.  Out-of-band  signaling  units 
are  less  complex  and  less  costly  than  inband  signaling. 

4.9.1.4  Carrier  Interruption:  Carrier  interruption  provides  a  simple  and 
inexpensive  method  of  transmitting  signaling  information  for  sub- 
scriber carrier.  It  is  generally  limited  to  the  transmission  of  on-hook  and 
off -hook  status  (including  dial  pulsing)  from  the  subscriber  terminal  where 
carrier  is  transmitted  only  in  the  off-hook  condition.  A  received  carrier  at 
the  central  office  terminal  is  converted  into  a  loop  closure  to  seize  the 
central  office  equipment.  Interruption  of  carrier  is  avoided  if  carrier  is 
used  for  repeater  regulation.  (In  subscriber  carrier,  repeaters  may  be 
regulated  in  both  directions  by  using  carrier  from  the  central  office 
direction  only.  This  allows  for  carrier  interruption  from  the  subscriber 
direction.) 

4.9.1.5  Separate  Paths:  The  trend  is  toward  separate  transmission  paths 
for  trunk  carrier  signaling.  The  signaling  for  a  large  number  of 

channels  is  multiplexed  on  a  common  channel.  This  is  called  common  channel 
interoffice  signaling. 

4.9.1.6  Miscellaneous:  The  use  of  multiple  tones,  frequency  shift  keying, 
or  phase  shift  keying  may  also  be  used  to  transmit  signaling  and/or 

data  information.  Inband  tones,  out-of-band  tones  and  carriers  are  used  in 
this  manner.  In  frequency  shift  keying,  only  one  of  two  tones  or  carriers  are 
present  (keyed)  at  one  time.  Multiple  tones  may  be  used  independently  for 
signaling  or  data  transmission.  Phase  shift  keying  is  where  a  single 
frequency  is  used  and  the  phase  is  abruptly  changed  (i.e.,  90°  or  180°)  to 
transmit  information. 

4.9.2  Detection  and  Regeneration:  The  detection  and  regeneration  of  dc 
signaling  and  ringing  functions  are  primarily  discussed.  Similar 
principles  apply  regardless  of  the  modulation  and  transmission  techniques 
used.  Trunk  carrier  primarily  requires  the  detection  and  transmission  of  dc 
functions  in  both  directions.  Subscriber  carrier  requires  the  detection  and 
transmission  of  dc  functions  in  the  subscriber  to  office  direction,  and 
ringing  in  the  other  direction.  Except  for  brief  mention,  other  signaling 
functions  are  omitted  in  this  discussion. 

4.9.2.1  DC  Signaling:  On-hook  and  off-hook  status  are  easily  detected  and 
transmitted  at  one  end,  and  again  detected  and  regenerated  at  the 
distant  end.  The  receiver  simply  detects  the  presence  or  absence  of  tones, 
carrier,  or  other  signal  and  causes  the  loop  to  open  or  close  in  response  to 
the  received  signal.  E&M  signaling  in  trunk  carrier  operates  in  a  similar 
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manner.  (E&M  signaling  is  discussed  in  more  specific  detail  in  TE&CM  Section 
905.)  Battery  reversal  is  often  not  transmitted  and  regenerated  in  sub- 
scriber carrier  equipment.  For  economic  reasons,  the  detection  and  regener- 
ation of  all  number  identification  (ANI)  for  party  lines  over  subscriber 
carrier  is  limited  to  two-party  identification,  or  omitted  entirely. 

4.9.2.2  Ringing:  Two  approaches  prevail  in  the  detection  and  regeneration 

of  ringing  in  analog  subscriber  carrier.  Where  a  single  ringing 
frequency  (i.e.,  20  hertz)  is  used,  the  ringing  signal  is  detected  and  a  new 
ringing  voltage  is  generated  by  the  subscriber  terminal.  A  single  ringing 
frequency  can  be  used  for  one-party  service,  and  for  two-party  service  by 
applying  the  ringing  to  either  the  tip  side  or  ring  side  of  the  line.  Where 
multi frequency  ringing  is  used,  the  ringing  signal  is  "amplified"  or  used  to 
trigger  regeneration  of  the  same  ringing  frequency.  The  major  difference  in 
the  regenerated  ringing  is  that  single  frequency  ringing  can  be  regenerated  on 
a  common  basis  and  until  very   recently  multifrequency  ringing  was  usually 
regenerated  on  a  channel  basis  because  of  economic  and  technology  limitations. 
Sine  waves  could  be  generated  for  single  frequency  ringing  but  multifrequency 
ringing  was  limited  to  the  generation  of  square  waves  or  variations  of  square 
waves.  The  generation  of  ringing  requires  a  large  quantity  of  power.  The 
limitations  imposed  in  supplying  power  to  carrier  subscriber  channels  over 
cable  pairs  are  largely  imposed  because  of  ringing  power  requirements. 

4.10  Power  Supplies:  Several  techniques  are  used  to  provide  dc  power  to 
various  parts  of  carrier  systems.  The  techniques  primarily  used  are 
transformers  and  rectifiers  for  ac  power,  dc-to-dc  converters  to  raise  or 
lower  the  dc  voltage,  and  dc  voltage  divider  circuits.  Because  commercial  ac 
power  may  be  interrupted,  ac  power  is  generally  used  in  noncritical  areas  of 
the  telephone  system,  and  to  charge  batteries.  Thus,  batteries  are  generally 
the  primary  source  of  power  for  carrier  systems.  The  central  office  battery 
is  used  to  the  maximum  practical  extent,  including  power  for  carrier  repeaters 
and  subscriber  terminals.  Where  ac  power  is  used  along  a  cable  route  for 
repeaters  and  subscriber  terminals,  battery  backup  is  recommended  for  service 
reliability. 

4.10.1  AC  Power  Supplies:  Through  the  use  of  transformers  and  rectifiers, 
a  wide  range  of  dc  voltages  can  be  obtained  from  a  110  volts  ac 

primary  power  source.  Figure  13A  shows  a  simple  ac  power  supply.  Simple  or 
elaborate  voltage  and/or  current  control  circuits  may  be  added  for  specific 
applications.  The  importance  of  power  transfer  efficiency  increases  in  direct 
proportion  with  power  consumption.  Large  ac  power  supplies  are  generally 
designed  to  be  more  efficient  than  small  ac  power  supplies  (each  operated  at 
or  near  its  rated  output). 

4.10.2  The  major  use  of  ac  power  supplies  in  carrier  systems  is  to  charge 
batteries.  This  may  range  from  charging  48  volt  high  current 

batteries  at  carrier  subscriber  terminals  to  lower  voltages  and  lower  current 
capacities  at  subscriber  terminals  and  repeaters.  Small  energy  limiting 
transformers  are  sometimes  used  at  subscriber  locations  to  charge  small 
batteries  in  one  channel  subscriber  terminals. 
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4.10.3  DC-to-DC  Converters:  DC-to-dc  converters  are  widely  used  in  carrier 
systems  to  raise  or  lower  the  primary  source  dc  voltage.  Power 

efficiency  is  the  major  reason  for  this  widespread  use  in  carrier  systems. 
Figure  13B  illustrates  a  simple  dc-to-dc  converter.  Modern  dc-to-dc 
converters  usually  contain  elaborate  semiconductor  circuits  to  control  output 
voltage  and  current.  These  same  modern  semiconductors  have  increased  the 
power  efficiency  and  reliability  of  dc-to-dc  converters,  and  have  signifi- 
cantly reduced  manufacturing  costs. 

4.10.4  DC-to-dc  converters  are  used  in  a  variety  of  carrier  system  com- 
ponent parts.  They  are  used  to  provide  terminal  equipment  semi- 
conductors with  operating  voltages  of  5  to  20  volts  from  primary  48  volt 
battery  supplies.  Power  for  line  repeaters  (generally  +130  volts  and  -130 
volts)  is  also  provided  by  dc-to-dc  converters  from  48  volt  battery  supplies. 
Earlier  carrier  systems  used  larger  dc-to-dc  converters  that  were  common  to 
many  repeatered  lines.  The  trend  is  toward  small  individual  converters 
designed  as  an  integral  part  of  the  terminal  equipment.  Analog  subscriber 
carrier  terminals  and  repeaters  convert  the  higher  line  voltage  (+130  and  -130 
volts)  down  to  semiconductor  operating  levels  (12  to  20  volts),  and  to  charge 
small  batteries  through  the  use  of  small,  highly  efficient  converters.  DC-to- 
dc  converters  may  also  be  used  in  the  generation  of  ringing  voltage  at  carrier 
subscriber  terminals.  One  unique  and  recent  use  of  small  converters  is  to 
boost  the  battery  feed  voltage  to  telephone  sets  from  the  voltage  normally 
used  within  subscriber  channels. 
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4.10.5  Voltage  Dividers:  Figures  13C 
divider  networks  used  as  secon 
equipment  load  is  constant  (Figure  13C) 
divider  (Rl  and  R2)  are  used  to  reduce 
semiconductor  operating  level.  Figure 
voltage  divider;  the  zener  diode  keeps 


and  13D  illustrate  two  simple  voltage 
dary  dc  power  supplies.  Where  the 
,  a  simple  dropping  resistor  (Rl)  or 
the  dc  supply  voltage  to  the 
13D  is  a  variation  of  the  resistive 
the  semiconductor  operating  voltage  at 
A  more  modern  version  would  use  a 


a  fixed  level,  even  with  varying  loads.     _  _  ... 

semiconductor  regulator  circuit  (consisting  of  transistors,  zener  diode,  etc.) 
instead  of  the  zener  diode. 

4.10.6  The  use  of  voltage  dividers  as  secondary  dc  power  supplies  for 

terminal  equipment  has  been  drastically  reduced  to  conserve  power. 
The  power  dissipated  in  the  dropping  resistor  is  wasted  as  heat;  and  more 
power  >s  generally  used  to  remove  the  heat  (fans  and  air  conditioning). 
Voltage  divider  techniques  continue  to  be  used  where  resistance  is  a  natural 
element  in  the  overall  circuit.  Specifically,  this  technique  is  used  to 
provide  power  for  repeaters  in  many  cable  carrier  systems.  Power  to  the 
repeaters  is  fed  over  the  cable  pairs.  The  cable  wire  pair  resistance  and 
zener  diodes  within  the  repeater  form  a  voltage  divider  power  supply.  A 
current  control  within  the  repeater  power  supply  maintains  a  constant  current 
to  the  line  repeaters. 

4.11  Repeaters:  Carrier  repeaters  are  used  to  amplify  or  boost  weak  signals 

at  intermediate  locations  between  carrier  terminals.  Carrier  signals 
are  attenuated  as  they  travel  along  a  transmission  facility.  Repeaters  are 
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used  at  periodic  intervals  along  the  facility  to  maintain  an  adequate  carrier 
signal  level.  Applied  in  this  manner,  repeaters  improve  the  signal-to-noise 
ratio  and  reduce  the  overall  system  noise  and  crosstalk  (Figure  4A) . 
Repeaters  were  seldom  used  with  open  wire  carrier  systems,  but  are  used 
extensively  with  cable  carrier  systems.  The  early  significant  use  of 
repeaters  was  in  long  haul  coaxial  cable  trunk  carrier  systems.  AC  power  was 
required  at  each  repeater  location.  The  development  of  solid  state  amplifiers 
using  transistors  and  the  trend  from  open  wire  to  cable  in  exchange  facilities 
about  1960  led  to  extensive  use  of  repeaters  for  both  trunk  and  subscriber 
carrier  systems. 

4.11.1  This  discussion  is  limited  to  repeaters  designed  for  exchange  cable 
application;  the  principles  are  the  same  or  similar  for  other 

applications  (i.e.,  coaxial  or  other  special  cables).  The  less  complicated 
four-wire  (one-way)  repeaters  are  discussed  first.  This  is  followed  by  a 
discussion  of  two-wire  (two-way)  repeaters.  Note:  One-way  and  two-way  refer 
to  one-way  or  two-way  transmission  over  a  single  cable  pair.)  A  two-wire 
repeater  is  essentially  a  four-wire  repeater  with  additional  input  and  output 
bandpass  filters. 

4.11.2  A  basic  four-wire  line  repeater  is  illustrated  in  Figure  4B.  It 
consists  of  an  equalizer  network  and  broadband  amplifier  in  each 

direction  of  transmission  plus  a  power  supply  common  to  both  directions. 
Cable  carrier  repeaters  of  this  type  were  usually  designed  for  about  20  to  25 
dB  line  spacing  at  the  highest  carrier  frequency.  Utilizing  a  specialized 
test  set,  the  equalizer  was  adjusted  to  compensate  for  the  cable  loss  versus 
frequency  (slope)  characteristics  of  the  cable  section  facing  the  repeater 
input.  The  cable  section  line  loss  plus  the  equalizer  loss  resulted  in  a 
total  loss  that  was  essentially  flat  with  frequency.  The  overall  repeater 
gain  was  set  either  in  the  equalizer  networks  (with  a  fixed  gain  amplifier), 
or  in  the  amplifier.  Some  repeaters  were  nonregulated,  but  most  contained 
automatic  gain  control  feedback  for  regulation.  The  repeater  may  be  regulated 
by  a  single  pilot  tone,  or  by  the  composite  signal  power  of  all  carriers  in 
the  group.  Power  for  the  repeater  electronics  is  obtained  using  the  voltage 
divider  principle  (Figure  48  and  4C) .  Constant  current  power  is  applied  on  a 
simplex  basis;  the  tip  and  ring  conductors  of  a  cable  pair  are  dc  short 
circuited  by  transformers.  Power  is  fed  out  on  the  transmit  side,  looped  at  a 
convenient  point,  and  returned  on  the  receive  side.  As  the  current  passes 
through  the  repeater,  a  zener  diode  provides  a  fixed  voltage  to  operate  the 
repeater  electronic  components. 

4.11.3  For  longer  range  paired  cable  carrier  systems,  a  more  complex  four- 
wire  repeater  is  used.  This  repeater  is  often  called  a  "frequency 

frogging  repeater".  The  N  type  carrier  repeater  (Western  Electric  or 
Independent  manufacturer  equivalent)  is  representative  of  a  frequency  frogging 
repeater  and  will  be  used  to  illustrate  the  process.  Figure  4D  illustrates 
one-half  of  an  N-type  repeater  and  Figure  4E  shows  the  N3-type  carrier 
frequency  allocation.  In  addition  to  the  equalizer,  amplifier  and  power 
functions,  this  repeater  also  converts  the  input  frequency  band  into  a 
different  output  frequency  (frequency  frogging).  The  repeater  is  called  a 
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low-high  repeater  or  a  high-low  repeater  in  reference  to  an  up-conversion  of 
frequencies  or  down-conversion  of  frequencies.  A  hetrodyne  (beat  frequency) 
process  is  used  to  translate  the  36  to  140  kHz  low  band  into  the  164  to 
268  kHz  high  band,  or  in  the  reverse  direction.  The  lowest  frequency  (36  kHz) 
becomes  the  highest  frequency  (268  kHz),  etc.,  as  each  frequency  is  converted 
into  a  mirror  image  about  a  center  frequency  of  152  kHz.  This  frogging  or 
translation  of  frequencies  is  used  to  minimize  crosstalk  and  to  provide 
partial  cable  loss  equalization.  Crosstalk  is  reduced  by  maintaining  a 
frequency  separation  between  the  low  level  incoming  signals  and  the  high  level 
outgoing  signals.  This  eliminates  crosstalk  through  tertiary  paths  at 
repeater  locations.  Frequency  translation  also  provides  equalization  to 
partially  offset  the  frequency-dependent  loss  characterics  of  the  cable.  The 
"average"  loss  of  two  cable  sections  is  essentially  the  152  kHz  loss  because 
the  "average"  frequency  of  the  high  and  low  frequency  of  any  channel  is  152 
kHz.  Cumulative  varitions  in  loss  versus  frequency  do  occur,  and  are 
corrected  by  equalizers  in  each  repeater.  Bandpass  filters  are  required  at 
each  input  and  output  to  remove  all  but  the  desired  band  of  frequencies  after 
the  hetrodyne  process. 

4.11.4  For  practical  reasons,  two-wire  repeaters  are  generally  limited  to 

analog  subscriber  carrier  (i.e.,  station  carrier).  Figure  4F 
illustrates  a  two-wire  analog  subscriber  carrier  repeater.  The  two-wire 
repeater  is  similar  to  the  basic  four-wire  repeater,  but  more  complex.  Input 
filters  are  essential  to  separate  frequency  bands  for  proper  direction  of 
transmission.  Carrier  frequency  hybrids  are  generally  used  at  repeater  inputs 
and  outputs  to  aid  in  the  separation  of  transmission  direction;  the  use  of 
hybrids  can  reduce  filter  rejection  requirements  by  12  to  15  dB.  Powering  for 
repeater  electronics  is  likely  to  be  accomplished  by  dc-to-dc  converters 
bridged  across  the  two-wire  transmission  path  (since  four  wires  are  not 
available  for  simplex  power  loop).  To  conserve  power,  analog  subscriber 
carrier  systems  generally  do  not  transmit  carrier  signals  from  the  subscriber 
channels  while  idle.  Thus,  repeater  regulation  (lAGC)  for  both  directions  of 
transmission  is  generally  determined  by  the  carrier  signals  transmitted  by  the 
central  office  channels. 

4.12  Protection:  Carrier  equipment  protection  is  an  extension  of  a 

philosophy  and  practice  of  telephone  system  protection.  Carrier 
protection  must  first  include  considerations  for  the  safety  of  the  general 
public  and  telco  personel,  and  also  provide  for  the  protection  of  electronic 
equipment  from  damage.  Electrical  protection  of  carrier  equipment  is  covered 
in  some  detail  in  TE&CM  822.  Only  brief  highlights  of  equipment  protection 
are  discussed  here  to  illustrate  the  principles  involved.  To  the  maximum 
practical  extent,  electrical  surges  should  be  diverted  away  from  sensitive 
electronic  equipment.  This  is  accomplished  by  cable  shield  continuity,  common 
bonding,  grounding,  partial  isolation,  dielectric  strength,  high  voltage 
arresters,  current  limiting  devices,  and  low  voltage  protection. 

4.12.1  The  multilevel  protection  incorporated  into  a  carrier  repeater  serves 

as  an  example  of  the  electrical  protection  used  with  a  wide  variety 
of  electronic  equipment.  This  is  illustrated  in  Figure  4B.  High  voltage  gap 
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devices  (A)  are  used  to  limit  the  voltage  across  the  line  terminals.  These 
are  usually  350  volt  2  element  or  3  element  gas  tubes.  Series  resistors  (B) 
provide  current  limiting  for  lightning  and  electric  system  fault  currents 
flowing  through  the  repeaters.  These  resistors  are  usually  5.6  ohms  each. 
Low  voltage  limiting  devices  (C)  are  placed  across  the  input  and  output  of 
sensitive  electronic  circuits.  These  are  usually  zener  diodes  or  varistors. 
The  high  voltage  gaps  and  series  resistors  are  coordinated;  as  the  surge 
current  through  the  repeater  increases,  the  series  resistors  provide  enough 
voltage  drop  across  the  repeater  to  activate  the  high  voltage  protector  gaps 
which  bypass  large  surge  currents  around  the  repeater  or  to  ground.  Voltage 
differences  at  repeater  inputs  and  outputs  (due  to  current  differences  in  tip 
and  ring  conductors)  are  low  voltage  limited  or  clamped  to  minimize  damage  to 
sensitive  electronic  circuits  within  the  repeater. 

4.12.2  Central  office  buildings  are  "cluster"  locations  for  carrier  and 
other  electronic  equipment.  Protection  is  applied  on  a  coordinated 

basis  for  the  various  types  of  equipment  at  that  location.  Increased  emphasis 
is  placed  on  low  earth  ground  resistance  and  connections  to  the  power  system 
multigrounded  neutral  (MGN).  High  voltage  gap  protection  for  the  carrier 
equipment  may  be  part  of  the  main  distribution  frame  (MDF)  protection,  or  may 
be  separate  intermediate  distribution  frame  (IDF)  protection  or  carrier 
protection  panels.  All  high  voltage  gap  protection  should  be  located  at  the 
cable  entry  point  to  keep  electrical  surges  away  from  sensitive  electronic 
equipment  (i.e.,  microprocessors,  electronic  switching  equipment,  etc.). 
TE&CM  Section  810  covers  electrical  protection  and  grounding  at  central  office 
locations  in  some  detail. 

4.12.3  Carrier  subscriber  terminals  range  from  individual  channels  to  large 
cluster  locations,  perhaps  installed  in  buildings.  Thus,  carrier 

subscriber  terminal  protection  may  range  from  techniques  similar  to  repeater 
protection  to  more  elaborate  techniques  similar  to  central  office  protection. 

5.  CARRIER  SYSTEM  MODEL 

5.1  The  individual  carrier  components  are  now  combined  to  form  a  carrier 
system.  A  12  channel  trunk  carrier  system  using  amplitude  modulation, 

double  sideband  with  transmitted  carrier  (AM  DSBTC)  for  each  channel  is  used 
as  a  model  (Figure  3).  This  12-channel  model  is  simplified,  and  does  not 
closely  represent  any  existing  carrier  system.  The  illustration  shows  the 
components  for  a  single  channel,  including  the  common  equipment.  The  12 
channels  are  combined  with  the  common  equipment  to  form  a  system.  Channel 
frequencies  for  both  directions  of  transmission  are   illustrated.  Figure  4B 
illustrates  the  four-wire  line  repeater.  Perhaps  the  best  way  to  illustrate 
how  the  carrier  building  blocks  are  combined  is  to  trace  a  signal  through  the 
system. 

5.2  Refer  to  Figure  3.  Voice  frequency  signals  from  the  central  office 
equipment  trunk  circuit  enter  the  carrier  system  voice  frequency  hybrid. 

A  hybrid  is  a  signal  splitter  and  combiner,  a  two-wire  to  four-wire  converter. 
The  voice  signals  then  enter  the  compressor.  (The  compressor  and  expander 
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form  a  compandor  which  aids  in  noise  reduction.)  The  wide  range  of  voice 
(speech)  signal  levels  are  compressed  into  a  narrower  range  by  the  compressor. 
In  effect,  the  compressor  boosts  the  weak  signals.  The  compressed  voice 
frequency  signals  enter  the  modulator  along  the  signaling  information  (tones). 
Beyond  the  modulator,  all  signals  are  carrier  signals.  The  system  applies  a 
3700  hertz  out-of-band  tone  to  the  modulator  when  the  channel  is  idle,  and 
removes  the  tone  when  the  channel  is  in  use  (seized).  This  is  called  tone-on- 
when-Idle.  Central  office  battery  applied  to  the  carrier  "M"  lead  causes  the 
tone  to  be  removed.  Hookswitch  and  dialing  information  is  transmitted  by  the 
3700  hertz  tone.  (Central  office  signaling  interfaces  are  discussed  in  more 
detail  in  TE&CM  Section  905.) 

5.3  A  carrier  frequency  oscillator  (i.e.,  20  kHz  for  this  channel)  is  fed 
into  the  modulator  and  mixed  with  the  voice  frequency  signals 

(approximately  250  to  3400  hertz)  and  the  signaling  oscillator  (3700  hertz). 
The  output  of  the  modulator  is  20  kHz  +_  3.7  kHz,  or  a  range  of  16.3  to  23.7 
kHz.  This  carrier  signal  is  amplified  and  passed  through  a  bandpass  filter  to 
remove  all  signals  outside  the  range  of  16.3  to  23.7  kHz. 

5.4  All  12  channels  are  joined  at  a  common  point  beyond  the  bandpass 
filters.  This  stage  usually  contains  a  broadband  amplifier  for  all 

channels  to  be  transmitted.  It  may  also  contain  a  bandpass  filter  and 
selectible  attenuator  pads  and  loss-slope  shaping  networks  at  the  output  for 
matching  the  cable  characteristics.  The  output  signals  are  applied  to  the 
cable  facility  through  a  carrier  frequency  repeating  coil,  or  transformer. 
The  major  purposes  for  this  transformer  is  to  apply  simplex  dc  power  for 
repeaters,  and  to  isolate  the  carrier  electronics  from  surges  and  60  hertz 
induction. 


# 


# 


5.5  The  carrier  signals  ere   divided  into  two  groups.  The  low  group 
frequencies  range  from  20  to  108  kHz  carriers  with  upper  and  lower 

sidebands  for  each  carrier.  The  high  group  frequencies  are  124  to  212  kHz 
plus  sidebands.  The  low  group  is  assigned  to  transmit  in  one  direction  (i.e.. 
East  to  West,  or  E-W)  and  the  low  group  in  the  other  direction  (W-E). 

5.6  The  low  group  signals  travel  from  the  East  terminal  over  cable  to  the 
first  repeater  location  (Figures  4A  and  4B).  The  weak  signals  enter  the 

repeater  East  input,  pass  through  a  transformer  to  an  equalizer  network.  The 
equalizer  is  a  loss-slope  network  to  compensate  for  the  nonlinear  attenuation 
versus  frequency  characteristics  in  the  cable.  The  lower  carrier  frequencies 
are  attenuated  less  than  the  higher  frequencies  in  the  cable.  The  network  is 
adjusted  so  that  the  loss  in  the  preceeding  cable  section  plus  the  network 
loss  equals  a  fixed  loss  value  that  is  uniform  (flat)  at  all  frequencies. 
The  signals  are   then  fed  into  a  broadband  amplifier  where  all  signals  are 
amplified  to  a  predetermined  output  level.  The  output  levels  of  the  terminal 
equipment  and  repeaters  may  be  uniform  or  flat  with  frequency,  or  the  levels 
may  be  "tilted"  to  compensate  for  the  cable  attenuation  slope.  Since  the 
cable  loss  is  higher  for  high  carrier  frequencies,  the  high  frequencies  may 
transmitted  at  a  higher  level  to  maintain  a  more  uniform  signal-to-noise  ratio 
for  all  frequencies.  The  repeater  output  signals  are  then  fed  through  a 
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transformer  into  the  cable  (West  output).  The  signals  travel  down  the  cable 
to  the  next  repeater  and  the  amplification  process  is  repeated  until  the 
signals  are  separated  and  demodulated  by  the  distant  (West)  terminal. 

5.7  High  group  carrier  signals  are  transmitted  from  the  West  terminal 
through  the  cable  and  repeaters  to  the  input  of  the  East  terminal 
(Figure  3).  The  signals  are  passed  through  the  input  transformer  into  a  unit 
(perhaps  an  amplifier)  where  the  signals  are  fed  into  12  channel  bandpass 
filters.  The  channel  1  filter  allows  the  124  kHz  carrier  plus  sidebands  to 
pass  (120.3  to  127.7  kHz).  The  signal  is  amplified  and  fed  into  the 
demodulator.  The  output  of  the  demodulator  is  generally  separated  into  three 
parts.  A  low-pass  filter  (cutoff  at  about  3400  hertz)  separates  the  voice 
(speech)  information.  A  3700  hertz  bandpass  filter  (narrow  passband) 
separates  the  signaling  tone.  The  demodulator  also  provides  a  rectified  dc 
feedback  signal  to  the  previous  amplification  stage  to  provide  automatic  gain 
control  for  the  channel.  After  the  demodulated  signal  is  fed  through  a 
low-pass  filter,  it  is  then  passed  through  an  expander  to  compensate  for  the 
compression  on  the  other  end  and  restore  the  original  speech  dynamic  range. 
The  voice  signal  is  then  passed  through  a  voice  frequency  hybrid  to  the 
central  office  equipment  trunk  circuit.  After  the  signaling  tone  is  passed 
through  a  narrow  3700  hertz  bandpass  filter,  it  is  demodulated  and  amplified 
to  drive  a  relay.  The  relay  provides  (usually)  a  ground  or  open  condition 
through  the  "E"  lead  connectin  to  the  COE  trunk  circuit  for  signaling  and 
supervisory  status  of  the  distant  COE  and  carrier  terminal. 


5.8  The  carrier  terminal  contains  two  power  su 
supply  is  generaly  a  dc-to-dc  converter  to 
voltage  (i.e.,  12  to  14  volts  dc)  for  local  chan 
electronic  circuits.  The  repeater  power  supply 
converter  to  provide  a  regulated  high  voltage  (i 
for  line  repeaters.  The  repeater  line  power  is 
(predetermined  by  equipment  design),  and  is  fed 
loop  basis.  This  is  illustrated  in  Figure  4C. 
carrier  transmit  cable  pair,  through  repeaters, 
cable  route,  and  returned  on  the  carrier  receive 
passes  through  the  line  repeater,  a  zener  diode 
drop  to  power  the  repeater  electronic  circuits  ( 


pplies.  The  local  power 
provide  a  regulated  low 
nel  and  common  equipment 
is  generally  a  dc-to-dc 
.e.,  +130  and  -130  volts  dc) 
set  at  a  constant  current 
to  the  repeaters  on  a  simplex 
The  power  is  fed  out  the 
looped  at  some  point  along  the 
cable  pair.  As  the  current 
establishes  a  constant  voltage 
Figure  4B) . 


5.9  There  are  numerous  variations  in  the  design  of  analog  carrier  systems 

that  have  been  in  service  over  the  past  65  years.  These  range  from 
simple  low  density  carrier  systems  applied  to  exchange  cable  facilities  to 
complex  high  density  carrier  systems  applied  to  radio  or  coaxial  cable.  A 
basic  understanding  of  carrier  fundamentals  is  the  key  to  separating  complex 
systems  into  simple  functional  parts. 
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FIGURE  1 

CARRIER:  RADIO  ON  WIRE 

A.  Radio  Transmitter  and  Receiver 


Transmitter 


B.  Two  Way  Communications 


Tune  in 
Station 


) 


Transmitter-Receiver 


D 


a 


Transmitter-Receiver 


Two  way  communications  require  a  transmitter  and  receiver  at  both 
ends. 
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Carrier  consists  of  transmitters  and  receivers  where  signals  are  transmitted 
over  wires  rather  than  air. 


FIGURE  2 

AMPLITUDE  MODULATION 


A.  Modulation  is  Voice  on  Radio  or  Voice  on  Carrier 
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B.   100  kHz  Modulated  with  1  kHz 
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FIGURE  4 

CABLE  CARRIER  REPEATERS 

A.  Repeatered  Line  (Four  Wire) 
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B.     Four  Wire  Line  Repeater 
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Notes:      1.     A  typical   four  wire  analog  repeater  consists   of  two  equalizers, 
two  regulated  wideband   amplifiers,   power  and  protection. 

2.  The  internal   power  supply  consists  of  a  zener  diode  and   a 
f i Iter  capacitor. 

3.  Protection  consists   of   (A)   high   voltage  gaps,    (B)   current 
limiting  and  (C)   low  voltage  protection. 


C.     Repeater  Power    (Four  Wire) 
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Jotes :  Line  repeaters  are  generally  powered  by  a  +130  and  -130  volt  power 
supply  that  is  adjusted  to  a  specified  constant  current.  The  line 
power  is  fed  from  each  end  of  the  system  on  a  simplex  basis  to  a 
power  loop  point  and  return. 
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FIGURE  4  -  Continued 

CABLE  CARRIER  REPEATERS 

D.  N-Type  Repeater  (High-Low) 
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One-half  of  a  high-low  N-type  repeater  is  illustrated-  both  sides  arP 
the  same.  A  low-high  repeater  is  similar  with  the  band-pLs  fnter 
frequencies  reversed.  Power  and  protection  are  omitted 
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F.  Two  Wire  Repeater  (Subscriber  Carrier) 
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FIGURE  5 
FILTERS 

A.   Low-pass  Filter 
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B.     High-pass   Filter 
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FIGURE  6 
OSCILLATOR 


FIGURE  7 
MODULATOR 
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FIGURE  9 
AMPLIFIERS 
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FIGURE  10 
HYBRIDS 

A.  Wheatstone  Bridge 
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FIGURE  11 

COMPANDOR  CHARACTERISTICS 
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A  compandor  is  composed  of  a  compressor  on  the  sending  end  and  an  expandor 

on  the  receiving  end.  This  compression  of  speech  signals  and  expansion  of 

speech  and  interfering  noise  and  crosstalk  gives  an  effective  noise  and 
crosstalk  advantage. 

Compandors  in  analog  carrier  systems  operate  at  a  syllabic  rate  and  change 
level  as  a  function  of  the  composite  power  contained  in  each  speech  syllable. 
Syllabic  compandors  do  not  operate  on  extremely  short  (instantaneous)  peaks 
of  interference. 

FIGURE  12 

INVERSE  AUTOMATIC  GAIN  CONTROL 
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FIGURE  13 
POWER  SUPPLIES 

A.  AC  Power  Supply 
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D.  Regulated  Voltage  Divider 


T 


Rl  >   VI 


_^  Vo 


Dl 


i 


V2 
1. 


Zener 
Diode 


DC 
Output 

-e 


•U.S.    GOVEFINMENT   PRINTING  OFFICE    :    1985    0-420-931/REA-450 


boc, 

0 


) 


Hijral  Electrification  Administration 


^^ 

-f:i 

S^MJ 

.M!!!^.'^-'^ 

'I  , 
Section  910 

Issue  Wo. 

1 

November, 

1957 

SUBSCRIBER  CARRIER  EQUIPMENT 


CONTENOS 


3 


1. 
2. 

3. 

h. 

5. 
6. 

7. 
8. 


GENERAL 

CONDITIONS  UNDER  WHICH  APPLICATIONS  WILL  BE  APPROVED 

MAJOR  OPERATING  CHARACTERISTICS 

APPLICATION  SITUATIONS 

TRANSMISSION  CONSIDERATIONS 

CROSSTAIK  CONSIDERATIONS 

EIECTRICAL  PROTECTION 

CARRIER  MAINTENANCE  AND  TROUBLE  SHOOTING 

Figures  1  through  I3 


A 


'^^^ 


iA^^/y 


%•  Ofi       -<  /On 


1 .   GENERAL 


1.01 


1.02 


This  section  is  intended  to  provide  REA  borrowers,  consulting 
engineers  and  other  interested  parties  with  technical  infor- 
mation on  subscriber  carrier  equipment  and  its  varied  appli- 
cations. This  equipment  has  now  been  developed  to  the  degree 
where  it  should  be  considered  in  the  system  designs  of  REA 
borrowers.  Additional  information  pertaining  to  carrier 
system  fundamentals  as  applied  to  subscriber  carrier  equip- 
ment can  be  found  in  Section  90I,  Issue  No.  2  of  the  REA- 
Telephone  Engineering  and  Construction  Manual. 

Subscriber  carrier  channels  can  be  superimposed  upon  existing 
or  proposed  physical  subscriber  circuits  which  meet  trans- 
mission requirements  with  a  minimum  of  investment  in  order  to 
derive  additional  subscriber  circuits  on  the  same  wire  pair 
without  degrading  the  basic  physical  circuit.  Each  channel 
provides  all  of  the  apparatus  necessary  for  a  two-way  talking 
circuit  with  dialing  from  and  full  selective  ringing  to 
carrier  derived  subscribers  without  any  modifications  to  the 
central  office  equipment  or  telephone  sets  normally  used  by 
the  te.lephone  company. 
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2 .   CONDITIONS  UNDER  WHICH  APPLICATIONS  WILL  BE  APPROVED 

2.01  The  applications  of  various  forms  of  subscriber  carrier  equip- 
ment should  be  considered  in  all  system  designs  of  REA 
borrowers  in  situations  vhere  significant  savings  in  both 
initial  and  annual  costs  can  be  realized  by  their  usage.  The 
more  apparent  application  sit\mtions  wherein  significant 
savings  might  be  maxie  are  described  in  Paragraph  k. 

2.02  Properly  engineered  applications  of  subscriber  carrier  equip- 
ment which  effect  substantial  net  economies  as  compared  with 
conventional  means  of  providing  subscriber  circuits  will  be 
approved  without  regard  to  a  fixed  percentage  of  subscribers 
to  be  served  as  was  previously  required  when  such  carrier 
systems  were  in  a  comparatively  new  stage  of  development. 
Since  substsuitial  economies  can  only  be  realized  by  the  proper 
layout  of  such  carrier  systems,  and  since  little  infonnation 
is  as  yet  available  pertaining  to  the  most  economic  layouts, 
it  is  recommended  that  in  conrplex  application  situations  which 
provide  telephone  service  to  over  10  percent  of  the  5 -year 
subscribers  by  means  of  subscriber  carrier  equipment  the 
Consulting  Engineer  submit  application  information  to  the 
Section  Engineers  for  comment  in  advance  of  the  Area  Coverage 
Design.   In  this  manner  possible  changes  in  the  ACD  may  be 
suggested  in  order  to  realize  greater  economies  while  avoiding 
resulting  loss  of  time  and  additional  expense  as  a  result  of 
possible  changes  in  the  manner  of  providing  carrier  circuits. 
This  procedure  will  be  followed  until  more  application  infor- 
mation becomes  available  for  various  types  of  subscriber 
carrier  equipment. 

2.03  The  advance  submission  of  application  information  for  more 
complex  situations  should  be  similar  to  that  which  the  engi- 
neer will  prepare  in  order  to  purchase  carrier  equipment  by 
use  of  REA  Form  813  -  "Technical  Considerations  Affecting 
the  Application  of  Tnonk  and  Subscriber  Carrier  Equipment." 
REA-TE  &  CM-Section  902  is  an  application  guide  for  the 
proper  completion  of  this  form  while  REA  Bvilletin  3kh-h 
explains  the  procedure  governing  its  use. 

2.6k     Together  with  the  advance  submission  of  application  infor- 
mation described  above  the  engineer  should  also  submit  an 
economic  Jxostif ication  of  the  proposed  application. 

2.05  The  annual  charges  as  given  in  the  REA-TE  &  CM-Section  2l8 
should  be  used  for  cost  comparison  studies  for  subscriber 
carrier  equipment  until  additional  information  becomes 
available.  Although  e^qperimental  installations  of  such 
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equipment  made  by  various  manufacturers  have  proved  encouragiiig 
thus  far  the  limited  amount  of  infomation  available  con- 
cerning annual  charges  make  the  annual  cost  economies  somewhat 
questionable  and  may  therefore  llinit  to  a  certain  extent  the 
number  of  carrier  applications  in  REA  borrowers •  systems  at 
this  time. 

3-  MAJOR  OPERATIMG  CHARACTERISTICS 


3.01 


) 


3.02 


) 


REA  has  now  conducted  field  trials  and  laboratory  studies  on 
subscriber  carrier  systems  of  various  types  and  manufacture 
or  has  been  supplied  complete  circuit  diagrams  and  trans- 
mission data  regarding  such  systems.  The   engineer  can  obtain 
details  concerning  these  various  types  of  carrier  systems 
from  the  manufacturers  together  with  delivery  dates,  current 
selling  prices  for  terminals  and  accessories,  and  instal- 
lation and  lineup  costs.  The  cost  per  channel  for  this  type 
of  equipment  will  vary  for  each  installation,  depending  upon 
the  number  and  type  of  terminals,  filters,  cabinets,  spare 
parts,  and  other  accessories  which  are  required.  Ihe  central 
office  carrier  terminals  referred  to  herein  are  defined  as 
the  terminals  connected  to  the  central  office  equipment  by 
means  of  a  voice  frequency  pair,  while  the  subscriber  (remote) 
terminals  are  defined  as  the  terminals  to  which  carrier 
derived  subscribers  are  comaected  by  means  of  a  voice  frequency 

Number  of  Channels  Available  -  The  maximum  number  of  stackable 
channels  available  from  any  one  manufacturer  for  use  on  a  wire 
pair  is  10.  Most  manufacturers  have  less  than  10  stackable 
channels  available  at  present.  The  physical  circuit  upon 
which  these  carrier  channels  are  superimposed  is  also  usable 
therefore  a  maximum  of  11  subscriber  circuits  could  be      ' 
provided  on  one  wire  pair  using  the  equipment  of  a  sijigle 
manufacturer.  By  the  proper  selection  of  operating  frequencies 
and  filters,  subscriber  carrier  channels  of  two  manufacturers 
can  be  superimposed  on  a  single  wire  pair  to  provide  an  even 
greater  number  of  circuits. 

3.021  In  some  application  situations  where  carrier  channels 
of  two  manufacturers  are  to  be  used  to  provide  a 
maximum  number  of  carrier  derived  circuits  on  one  wire 
pair  certain  channels  on  some  routes  may  be  subject  to 
harmful  Interfering  effects  from  power  line  carrier 
systems  or  other  possible  sources  of  interference  at 
carrier  frequencies.  To  prevent  the  possibility  of 
having  insufficient  channels  available  is  such  a  con- 
dition were  to  occur  the  engineer  should  not  plan  to 
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utilize  the  maximum  possible  number  of  channels  on  one 
wire  pair  unless  accurate  meas\irements  of  carrier 
frequency  power  have  shown  that  no  interfering  frequencies 
are  present.  With  this  arrangement  for  utilizing 
carrier  channels  it  will  then  be  possible  to  substitute 
one  or  more  carrier  channels  whose  freqioencies  are  not 
subject  to  interference  in  a  particiilar  area  for  those 
channels  which  are  subject  to  harmful  interference.  The 
measurements  of  interfering  carrier  frequency  power 
sho\ild  preferably  be  made  at  various  times  of  the  day 
or  over  a  period  of  several  days  if  practicable  so  that 
it  will  be  possible  to  measure  sources  of  interference 
which  may  only  be  present  during  certain  intervals. 

3.022  Similar  sitxiations  of  harmful  interference  may  develop 

with  certain  channels  of  only  one  manufacturer.  In  these 
sitxxations  other  channels  of  the  same  manufact\n:^r  can 
nQnnlly  be  Substituted  for  the  channels  subject  to  inter- 
ference or  carrier  channels  of  a  second  manufactxirer  can 
usually  be  provided  in  order  to  derive  the  reqxiired 
number  of  circuits. 

3.03  Frequency  Range  -  The  carrier  and  sideband  frequency  ranges  at 
which  subscriber  carrier  channels  function  presently  extend 
from  approximately  3.5  kc  to  3^+5  kc.  The  actual  operating 
frequencies  for  any  particular  type  of  equipment  can  be  obtained 
from  the  manufacturer.  In  general,  presently  available  five 
channel  subscriber  carrier  systems  occupy  frequency  ranges 
extending  from  approximately  3-5  kc  to  62  kc,  from  7  kc  to 

103  kc,  and  from  2k   kc  to  I38  kc,  while  10  channel  systems 
occupy  frequency  ranges  extending  from  approximately  4?  kc  to 
338  kc  or  from  ^k   kc  to  3^5  kc. 

3.04  Number  of  Freqioency  Allocations  -  Some  types  of  subscriber 
carrier  equipment  are  available  with  only  one  frequency  allo- 
cation while  other  types  provide  in  effect  two  separate 
frequency  allocations  by  xitilizing  frequency  staggering,  side- 
band inversion  or  both  of  these  techniques.  Two  frequency 
allocations  for  the  same  type  of  carrier  equipment  permit  the 
use  of  stackable  carrier  systems  on  more  than  one  wire  pair 
along  the  same  route,  lliis  is  for  application  situations  ■vrtiere 
the  crosstalk  loss  at  carrier  freqioencies  between  wire  pairs 
would  not  be  great  enough  to  permit  the  proper  operation  of  more 
than  one  stackable  carrier  system  utilizing  the  same  frequency 
allocation. 

3.05  Maximum  Carrier  Frequency  Line  Losses  Between  Terminals, 
Between  Terminals  and  Canrier  Repeaters,  or  Between  Repeaters  - 
25  to  36  db,  depending  iQ)on  the  particxilar  type  of  carrier 
equipment  and  manufacturer's  reconnendatlons .  Under  certain 
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conditions  carrier  channels  of  some  manufacturers  may  function 
satisfactorily  on  vire  pairs  whose  attenuation  exceeds  the 
values  listed  above  but  it  is  felt  that  in^ystem  designs  the 
maximum  loss  should  be  limited  to  the  above  values  to  assure 
a  good  carrier  signal-to-noise  ratio  during  adverse  weather 
conditions,  during  periods  of  high  summer  static,  or  where 
carrier  channels  are  exposed  to  interfering  effects  at  carrier 
frequencies  from  adjacent  power  lines,  power  line  carrier 
systems,  or  other  potential  sources  of  interference. 

Types  of  Ringing  Power  Output  -  Four  basic  ringing  power  out- 
puts as  described  below  are  now  available  for  subscriber 
carrier  channels.  Changing  from  one  type  of  ringing  power 
output  to  another,  except  for  the  condition  given  in  3.O62 
below,  usually  requires  changes  in  the  type  of  signaling 
terminations  at  both  the  central  office  and  subscriber 
terminals  of  the  carrier  channels  and  cannot  be  accomplished 
by  simple  terminal  strapping  changes.  Furthemore,  all  sub- 
scriber carrier  manufacturers  do  not  provide  each  of  the  types 
of  ringing  output  mentioned  herein.  The  ringing  outputs 
designed  to  supply  sufficient  power  for  each  type  of  arrange- 
ment, are  summarized  below: 


3.061 


3.062 


Ten  party  full  selective  ringing  when  used  with  the 
proper  type  of  high  impedance  telephone  ringers  such 
as  those  provided  in  the  "List  of  Materials  Acceptable 
for  Use  on  Telephone  Systems  of  REA  Borrowers"  where 
the  central  office  ringing  power  output  at  any  one  of 
five  separate  frequencies  is  applied  between  either  the 
tip  or  ring  side  of  the  line  and  rfrrMmri  «+  +v,^  «^^^  ^ 
office  carrier  terminal.        ^^"^^  ^^  ^^^   central 

Five  party  full  selective  or  ten  party  semi -selective 
ringing  when  used  with  the  proper  type  of  high 
Ijnpedance  telephone  ringers  where  central  office 
ringing  power  output  at  any  one  of  five  separate 
frequencies  is  applied  between  either  the  tip  or  ring 
side  of  the  line  and  ground  at  the  central  office 
carrier  terminal.  In  this  type  of  equipment  the  sub- 
scriber terminal  only  applies  ringing  power  between 
the  tip  and  ring  sides  of  the  line  even  if  this  power 
is  applied  between  either  side  of  the  line  and  ground 
at  the  central  office  temlnal.  In  situations  where 
for  line  noise  or  other  reasons  it  is  more  desirable 
to  connect  all  ringers  beyond  a  subscriber  terminal 
in  a  bridged  arrangement  (between  tip  and  ring  sides 
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of  the  line  only)  the  full  selective  ringing  type 
of  carrier  equipment  described  in  3.O6I  above  can 
usually  be  strapped  for  providing  either  five -party 
full  selective  or  ten  party  semi -selective  ringing. 
In  semi -selective  ringing  applications  the  central 
office  equipment  must  be  capable  of  supplying  at  least 
two  ringing  codes  to  the  carrier  equipment  to  enabxe 
a  subscriber  to  distingxiish  his  ring.  These  codes 
are  normally  provided  In  central  office  equipment 
purchased  under  the  REA  Central  Office  Equipment  Speci- 
fications (REA  Form  55Sa,  b,  or  c). 

3  063  Four  party  full  selective  or  eight  party  semi -selective 
superimposed  ringing  vhen  used  with  the  proper  type  of 
biased  polarized  ringers  (usually  20  c. p. s.)  and  cold 
cathode  tubes  where  the  central  office  ringing  power 
output  supplied  to  the  central  office  ca^.'^rier  temxual 
consists  of  a.c.  ringing  power  superinrposed  on  eitbr^r 
a  positive  or  negative  d.c.  voltage.   In  this  type  of 
equipment  the  subscriber  te:nninal  reproduces  the  riJigmg 
power  and  superimposes  it  on  a  positive  or  negative  d.c. 
voltage  (which  it  also  produces)  for  application  between 
either  the  tip  or  ring  side  of  the  line  and  ground. 

3  064  One  -oart-y  bridged  ringing  in  sitiiations  where  subscriber 
carrier  channels  aie  used  for  individual  line  service. 
In  this  type  of  equipment  the  s^ibscriber  terminal 
applies  the  bridged  ringing  power  (uijually  a  locally 
generated  60  cps  frequency)  to  the  single  subscriber  s 
telephone  set  when  the  prop-:.r  ringing  volt^e  is  applied 
either  in  a  bridged  or  divided  ^^-rangement  to  the 
central  office  carrier  tenninal.  Ttie  number  assignnient 
for  the  individi;al  line  subscriber  can  be  made  in  the 
vr.ual  manner  as  citlined  in  Paragraph .  3  •  03  of  Section  21o 
of  the  TE  &  CM  s.oice  the  subscriber  tenainaJ.  will 
reproduce  60  cps  ringing  output  for  ajiy  ringing  frequency 
applied  to  the  central  office  terminal. 

3  07  Type  of  Central  offices  with  which  Carrier  is  to  Function 
Properly  -  Either  dial  or  common  battery  manual. 

3  08  MaxiiDum  Permissible  DC  Loop  Resist^iice  of  Voice  Frequency  Drop 

^•"^  S^cted  to  Sut>scrib.r  Tex^i^al  -  390  to  ^500  oh.,  ae pending 

upon  the  particular  type  of  carrier  equipment  ^till^e.^-   riiese 

Xes  w  or  my  not  include  the  xt^sistance  of  the  telephone 

set,  depending  upon  the  manufacturer  of  the  carrier  eqjiprr.-ut. 
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Filters  Available  -  Various  manufacturers  of  subscriber 
carrier  equipment  have  complete  lines  of  voice  pass  (low 

morS  f 'if"'  'I'   ^"'"^^"^  ^'"^^°"  applications  described 
more  fully  in  Paragraph  5. 02),  carrier  pass  (high  pass 

as  trne^lt'"?'""?''^'"^  "  ^'^^  ^^'^   (Para^raS!  5  S)  so 
ILLl  ^^  ^.^   frequency  operation  in  two  sections  of 

c^r?^  /"'■^  ^^'''  f '^^  providing  a  minimum  loss  to  through 
IT^r.       ^^^^:^^^^^^^)^^  li^e  filters  for  either  indoor  or 
outdoor  mounting  with  or  without  built-in  electrical  pro- 
tection apparatus.  Details  on  the  application  of  these 

™:p;S."'""  '"""''"  '"^^^'^  ^'   «^--  ^^  subsequent 

Sravailablel'  ^""^^^^^^  '   Weatherproof  outdoor  cabinets 
are  available  from  carrier  manufacturers  for  housing  from 
one  to  five  subscriber  teminals  or  central  office  fermSals 

iZ.f.'^l^r   f  ^"  '^^  ^^"^^  °^^i-  tei^nals  h^v^t"^; 
mounted  at  locations  external,  to  the  central  office)  in 
various  types  of  pole  mounting  arrangements.  These  cabinets 
usually  contain  convenience  outlets  (11?  V  AC  power)  for 
test  equipment  while  some  types  are  available  with  one  or 

vow  I^d  ''  '"'^"'  ^"""'-^  electrical  protection  ?or 
voice  and  carrier  frequency  pairs,  mounting  arrangements  for 
a  voltage  regulator  if  required,  thennostically  controlled 

fn774     ^"^   '^^"-'"^  '^"  "^^^^^  terminals,  and  provisions 
for  attaching  sun  shields.  -i-^j-ua^ 

^m  Ttl  7   f^!;  "^"^""^  °^^^"^  terminal  usually  occupies 
from  5u  to  7  inches  of  vertical  height  on  a  I9  inch  relav 
rack.  The  depth  of  these  terminals  varies  considerably 
In""^^"?^  ^Pon  the  particular  type  of  carrier  equipment. 
^l^Ttlft   other  central  office  mounting  arrar^geiSients  pro- 
vide for  the  use  of  a  separate  panel  for  line  filters  trans 

iTZouHoL^''  '^°^  °^°^"^^«  '-^  '^^-^^  side\Tsid:^r 

Power  Supplies  -  Some  types  of  central  office  terminals  can 
oJf?  "^^f  P°^^^^^  directly  from  the  nomirml  kQ   volt  cental 
off  ice  battery  supply  while  other  types  cai.  be  normally 
powered  only  from  II7  volt  a.c.  sources,  l^ere  these  terminals 
are  powered  directly  from  the  central  office  batteries  irS 
Wt      that  the  total  current  dxain  be  considered  in  the 

deplete  the  busy  hour  reserve  of  the  batteries.  At  present 
all  vacuun  t^e  type  s^scriber  teminals  are  dest^eHo  be 
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nor^y  povered  only  f  -  ^  J^*  V.%^Tofle,^To^ere^ 
sistorized  -"t.scriber  termors  are  capatx     ^^^      ^^ 

either  from  =°"-f^^!i,^:=-,^er  repeaters  can  sometimes -be 
battery  power.  Subscriber  carrier  rp         adjacent 
powered  by  the  central  off  ice  batteries        ^.^^  „ith  the 
office  by  means  of  cable  ^^"±^.^\^J^  battery  supplies 
central  office  or  by  means  of  various  types 
mounted  at  the  repeater  location. 

3.13  Standby  Pover-Ca.  be.  vro^^^^y^^^^^^^rXTll"-" 
commercially  powered  central  °f  5"  *^!^f  feature  can  be 
scriber  terminals  in  f^^l^^l^J,l^''J,ll   sv^ply  is 
economically  justified  if  the  cohere    P    ^^  ^^^^  ^y^e 

lfn^.%r.  ZTTA  t?Z^.  aT^PO-  -om  storase  battery 
sources  for  standby  purposes. 

3.XI.  Power  Cons^tion  -  ^^<^^^;^^:^  Zr^^^^ls^^T" 
which  utilizes  vacuu.  tubes  has  a  power  ^^.^ .^^  ^.^,,,^ 

from  approximately  25  ^'^^^^  ;°  Particular  type  of  equipment. 

conditions,  ^P^^^^^S . ^^^ ^^'  ^^^^ieT^^^ent  the  power 
With  completely  transistorized  carrier  eqp         ^^^^. _ 
consumption  ^^r  each  charmel  term  nal  during  ^  ^^^^^^^^^ 
tion  will  probably  not  exceed  severax  ^^^^        le 
where  vacuum  tube  type  central  °^^^"^3^^^ie.open  wire 
counted  at  external  ^ocat-ns  ^^^^^e  at  c^^^.^P^^,^^^  3^. 
junctions,  or  -^f  ^.^^^^^^^^^'f^^  commercial  alternating 
scriber  terminals  are  P°^^^^^  JI;.  . ._  ^iu  probably  not  be 
current  sources  the  P^f^^ex^d  ?he  eost'^of  the  minimum 
of  a  sufficient  ^^^J^^J^^  "j^^i^eation  unless  a  number  of 
electric  biU  for  ^^^V^^ti^  at  these  locations.  This 
channel  tenninals  ca.  ^Iv^S^eou^  in  reducing  the  total  cost 
latter  arrangement  is  advantageous  ^    ^^^  ^^^^^^  advantages 
of  power  consumed  by  this  equipment 
as  discussed  in  Paragraph  4.05^-  ' 

o  V.   -h.^  rarrie-  svstems  described  herein 
Revertive  Calling  -Subscriber  carrie„^     equipment  modifi- 
wiU  function  satisfactorily  without  carr^^^^^  ^^^^  ^^ 

cations  when  ^fZ^^^;^^^^   :ccorLnce  with  the 
^^^ZV^   Sficf  EqSrentTpecifications. 


3.15 


3.16  Paystatlon  Operation  -  Subscri^^ercarr^^^^^^^^ 

foS^tS:  "pfystrir  (CrnoUuy  utilised  by  BE.  borrower. 
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with  central  offices.  Where  paystation  use  is  contemplated 
the  physical  circuit  upon  which  the  carrier  channels  are 
superimposed  may  be  suitable  for  this  application  or  the 
carrier  manufacturers  should  be  supplied  with  detailed 
circuit  diagrams  of  the  paystation  and  central  office  circuits 
associated  with  the  paystation  so  that  they  can  determine  if 
the  carrier  equipment  can  be  modified  so  as  to  function 
properly. 


h.     APPLICATION  SITUATIONS 


4.01 


4.02 


D 


The  characteristics  of  subscriber  carrier  equipment  which 
permit  the  concentration  of  more  than  one  subscriber  circuit 
upon  the  same  wire  pair  and  its  flexibility  in  being  installed 
and  removed  from  service  at  low  cost  provide  avery  useful 
technique  for  designing  rural  telephone  system!".  Some  of  the 
more  apparent  application  situations  wherein  the  use  of  sub- 
scriber carrier  equipment  might  result  in  significant  savings 
are  summarized  in  the  following  paragraphs. 

An  example  of  the  use  of  subscriber  carrier  equipment  in 
system  design  is  shown  in  Figure  1.  The  Cuprous  Subscriber 
Data  indicates  there  will  probably  be  a  total  of  29  sub- 
scribers within  10  years.  Backbone  plant  would  have  to  be 
provided  for  serving  this  number  of  subscribers.  With  con- 
ventional system  design  techniques  and  based  on  a  maximum 
line  fill  of  10  parties  per  line  a  minimum  of  3  wire  pairs 
would  eventually  have  to  be  built  between  the  Purdue  central 
office  and  Cuprous.  If,  as  might  happen  in  a  village  such 
as  Cuprous,  one  or  more  business  telephones  or  2-  or  k-   party 
service  is  desired  additionaJ.  wire  pairs  vrould  have  to  be 
provided  for  this  route.  Even  though  only  k   signed  sub- 
scribers in  Cuprous  desire  to  receive  telephone  service 
initially  it  would  be  good  engineering  practice  to  provide 
backbone  plant  consisting  of  poles  of  the  proper  class  and 
height  and  crossarms  of  the  proper  type  so  that  a  five  circuit 
route  is  made  available  to  allow  for  future  growth.  A  10  pin 
crossarm  lead  with  a  minimum  of  6  wires  attached  might  pre- 
clude economical  use  of  existing  poles  of  electric  supply 
organizations  in  joint  use  arrangements  due  to  the  consider- 
ation of  pole  strength  margins. 


4.021 


Figure  1  also  shows  a  rural  line  extending  7  miles 
beyond  Purdue  before  it  connects  with  a  total  of 
13  signed  or  potential  subscribers  located  along  this 
route.  Even  though  only  2  signed  subscribers  may 
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desire  service  initially  conventional  techniques  would 
make  it  necessary  to  construct  the  proper  backbone 
plant  for  providing  at  least  2  wire  jjairs  over  the 
major  portion  of  this  route. 

i+.022  By  utilizing  stackable  subscriber  carrier  channels  in 
the  system  design  for  both  of  the  above  situations 
either  initially  or  to  provide  for  growth  on  a  planned 
basis  should  it  materialize  it  is  entirely  feasible 
to  construct  backbone  plant  with  an  absolute  minimum 
of  fixed  plant  consisting  of  only  one  wire  pair  per 
route  and  still  have  a  system  design  with  the  flexi- 
bility necessary  for  meeting  either  predicted  or  unfor- 
seen  conditions  of  growth.  This  carrier  plan  permits 
a  minimum  of  investment  now  in  order  to  care  for  future 
growth.   If  growth  does  not  materialize  no  investment 
need  be  made  in  carrier  equipment.  Conversely,  if 
growth  exceeds  expectations  or  if  unexpected  service 
regrades  are  requested  stackable  carrier  channels  can 
be  added  to  meet  the  requirements.  This  plan  also  permits 
more  consideration  of  joint  use  possibilities  since  pole 
strength  requirements  are  eased  when  only  one  wire  pair 
per  route  is  required. 

i4-.023  Planning  for  the  use  of  subscriber  carrier  equipment 
initially  insures  that  adequate  carrier  transmission 
requirements,  proper  transposition  systems,  etc.,  will 
be  attained.  This  approach  eases  system  design  req\iire- 
ments  for  carrier  equipment  since  the  plant  facilities 
can  be  planned  initially  with  maximum  carrier  usage  in 
mind. 

U.03  Another  readily  apparent  application  situation  is  where  groups 
of  rural  subscribers,  such  as  those  living  at  crossroads 
comraunities,  etc.,  axe  located  too  far  from  an  existing  or 
planned  central  office  to  economically  meet  signaling  and 
transmission  requirements  and,  under  conventional  practices, 
a  community  dial  office  equipped  with  a  small  number  of  lines 
would  have  to  be  provided  at  this  location.  An  example  of 
sxich  a  situation  is  shown  in  Figure  2  for  the  community  of 
Hayes  Crossroads.  In  this  situation,  7  circuits  will  be 
required  in  5  i'ears  while  a  total  of  13  circioits  will  be 
required  in  10  years  in  order  to  meet  the  demand  for  both 
graded  and  party  line  service.  A  conventional  approach  to 
providing  service  in  thib.  area  would  be  to  install  a  community 
dial  office  at  Heyes  Crossroads  together  with  trunk  carrier 
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and/or  voice  derived  trunlcs  to  link  this  central  office  with 
the  toll  center  and  probatly  with  Hill.sboro  for  extended 
area  service  trunks.  Another  possible  conventional  approach 
for  serving  subscribers  In  this  area  wotdd  be  by  use  of 
loaded  cable  pairs  from  the  Hiilsboro  central  office.  The 
relative  cost  of  coarser  gauge  pairs,  however,  would  probably 
preclude  the  use  of  loaded  cable  over  the  I5  mile  path. 
Vo5.ce  frequency  repeatered  subscriber  lines  are  another 
possibility,  but  repeater  costs  together  with  loaded  cable 
facilities  would  probably  be  in  excess  of  siibscriber  carrier 
costs.  Multi-cha,anel  sribscriber  rBd.io  circaits  might  be 
practicable  for  this  rout.-  depending  upon  terrain  consider- 
ations and  the  relative  costs  of  wire  line  construction  in 
this  area. 

^.031  Hayes  Crossroads  rould  probably  be  economically- served 
by  means  cf  stacki\ble  subscriber  carrier  equipment  by 
either  of  the  following  plans: 

Plan  1  -  :rnitially  build  one   physical  open  wire  circuit, 
suitable  for  carrier  transmission,  and  superluif'ose  six 
chanxiels  of  sijbscriber  carrier  on  it.  This  would  pro- 
vide the  necessary  circiiits  for  meeting  the  5  year 
requirement.  The  additional  channels  necessary  for 
meeting  the  iO  year  requirement  can  be  added  to  this 
wire  pair  in  the  futm-e  when  the  need  arises.  With 
use  of  only  one  wire  pair  as  described  herein  the 
present  state  of  the  ai^t  would  require  that  sub- 
scriber carrier  equipment  of  two  manufacturers  be 
utilised  in  order  to  derive  the  required  number  of 
circuits.  (Paragraph  3. 02) 

Plan  2  -  Initially  build  two  physical  circuits 
properly  transposed  with  three  chanriels  of  subscriber 
carrier  siiperimposed  on  one  wire  pair  and  two  super- 
imposed on  the  other  pair  or,  if  filter  requirements 
are  such  that  the  expense  would  be  substantial:!  y 
larger  by  superimposing  carrier  Ciiannels  on  two'  wire 
pairs,.  superira|3ose  all  five  channels  on  one 
of  the  two  wire  pairs.  This  would  pi'ovide 
the  necessary  circuits  for  meeting  the  5  year 
requirement.  The  additional  channels  necessary 
for  meeting  the  10  year  requirement  could  be 
added  to  one   or  both  of  these  wL?e»pairs  iji 
the  future  when  the  need  arises.  With  th;? 
use  of  two  wire  pairs  as  described  herein 
subscriber  carrier  equipanent  of  only  one 
manufacturer  can  be  utilized  in  order  to 
derive  the  required  number  of  circuits. 
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4.032  By  utilizing  subsciriber  carrier  equipment  for  serving 
Hayes  Crossroads  a  community  dial  office,  land, 
buildings  and  trunk  circuit  equipment  can  be  eliminated. 
Since  only  one  or  two  wire  pairs  neer  be  provided  even 
for  future  grovth  there  will  aJ.so  be  savings  in  outside 
plant  items  such  as  wire,  crossarms,  protectors, 
drainage  units  and  various  hardware  items  and  the  sub- 
scriber route  might  be  such  that  smaller  poles  can  then 
be  used.  Fxirthermore,  with  the  use  of  only  two  wire 
pairs  it  may  be  possible  to  economically  utilize  the 
existing  poles  of  electric  siipply  organizations  in  joint 
use  arrangements  since  strength  margins  for  these  poles 
may  not  be  exceeded.  Other  advantages  of  such  an  arrange- 
ment would  be  a  simplified  numbering  scheme  as  compared 
with  the  situation  that  would  exist  if  EAS  circuits  were 
to  connect  a  CDO  with  Hillsboro  together  with  a  separate 
trunk  group  for  connecting  with  the  toll  center. 

4.033  With  the  utilization  of  subscriber  carrier  equipment  as 
described  above  savings  can  be  made  in  both  initial  and 
annual  costs  for  backbone  facilities  since,  as  described 
previously,  a  minimum  of  such  facilities  need  be  pro- 
vided. The  investment  in  facilities  for  growth,  which 
earn  no  immediate  return,  need  not  be  made.  If  the 
expected  growth  in  Hayes  Crossroads  does  not  materialize 
no  financial  loss  is  incurred  in  the  provision  of  back- 
bone facilities  which  will  be  unused  and  cannot  be 
salvaged  economically  sinpe  no  additional  carrier 
channels  need  be  ordered.  If,  on  the  other  hand,  the 
expected  growth  in  this  coramionity  exceeds  predictions 

or  if  some  subscribers  request  service  regrades  Tlaxi  2 
would  make  it  entirely  feasible  to  add  even  more  carrier 
channels  for  deriving  additionaJ.  subscriber  circtiits. 
If  the  growth  in  this  community  at  some  future  date 
became  so  great  that  it  would  no  longer  be  economical 
to  serve  it  by  means  of  various  types  of  stackable  sub- 
scriber carrier  equipment  then  available  a  community 
dial  office  could  be  constructed.  The   same  wire  pair 
(or  pairs)  \;ipon  which  the  subscriber  carrier  channels 
were  siiperimposed  coxold  then  be  used  for  trunk  carrier 
channels  between  Hayes  Crossroads  and  the  toll  center 
and  for  EAS  circuits,  if  desired,  between  Hayes. Cross- 
roads and  Hillsboro.  A  number  of  the  existing  sub- 
scriber carrier  channels  could  then  be  converted  to 
trxonk  carrier  channels  by  simply  changing  the  signaling 
terminations  while  the  remainder  of  these  channels 
could  be  installed  at  other  locations  or  otherwise 
salvaged.  If  such  a  CDO  were  installed  in  the  future 
the  advantages  of  the  simplified  numbering  scheme 
previo\isly  mentioned  wo\£Ld  no  longer  be  applicable. 
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U.OU  In  Figure  3b  an  application  situation  is  illustrated  whereby  subscriber 
carrier  channels  are  superimposed  upon  an  existing  10  party- 
line  (Figure  3a)  without  extensive  modifications  so  that 
additional  2 -party  graded  service  and  individual  line  service 
can  be  provided,  assuming  the  wire  pair  meets  carrier  trans- 
mission requirements.  By  the  proper  placement  of  voice  pass 
filters  (Paragraph  5-02)  and  line  filters  (REA-TE  &  CM-9OI) 
the  existing  line  is  treated  so  that  the  carrier  terminals 
can  be  mo'onted  at  the  locations  shown.  There  should  be  no 
mutual  interference  between  the  physical  circuit  and  the 
carrier  circuits  with  such  an  arrangement.  This  type  of 
application  can  be  utilized  where  service  regrades  are 
requested  along  a  route  already  filled  to  capacity  and  in 
situations  where  grovrth  in  rural  areas  requires  that 
individual  lines  be  provided  for  new  homes,  business  establish- 
ments ,  etc .  Such  applications  will  become  more  important  as 
rural  areas  grow  and  subscribers  demand  better  grades  of 
service . 

U.OUl  Under  conventional,  practices  separate  wire  pairs 

woiild  have  to  be  constructed  from  the  central  office 
to  the  locations  where  these  additional  telephones 
are  to  be  installed.  In  many  situations  the  cost  of 
providing  these  separate  wire  pairs  would  not  be 
economical  as  pole  changeouts,  additional  crossarms, 
etc.,  would  be  required. 

4.0^+2  Althovigh  this  example  illustrates  the  use  of  only 
2  carrier  channels  it  is  possible  to  utilize  many 
more  stackable  channels  over  the  same  facilities 
under  similar  conditions  so  as  to  further  save  on 
outside  plant  facilities  while  providing  for  tele- 
phone system  growth. 

^.05  Figures  h   and  5  illustrate  the  application  of  subscriber 

carrier  channels  for  party  line  service.  Figure  ^i-a  illus- 
trates a  typical  conventional  5  pair  open  wire  route 
utilized  to  serve  40  subscribers  (assuming  a  party  line 
fill  of  8  subscribers)  while  Figure  Ub  illustrates  one  type 
of  subscriber  carrier  layout  where  h   carrier  channels  are 
utilized  for  serving  32  of  the  4o  subscribers.  There  is  a 
significant  difference  in  the  number  of  miles  of  wire  pairs 
needed  in  both  layouts.   In  addition  to  the  saving 'in  wire 
pairs  the  subscriber  carrier  layout  would  also  result  in 
savings  in  the  cost  of  hardware  items,  protectors,  poles, 
etc.,  as  explained  previously.  This  subscriber  carrier 
layout  could  be  utilized  where  party  line  siibscribers  are 
located  at  some  distance  from  the  main  pole  line  route  and 
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in  situations  where  a  voice  frequency  pair  from  the  sub- 
scriber terminal  could  be  economically  constructed  to 
parallel  the  carrier  vlre.pair  on  the  seune  pole  line  route. 
Ttxe  number  of  voice  pass  filters  required  for  this  type  of 
layout  is  primarily  dependent  upon  the  number  of  subscribers 
served  on  the  basic  physical  circuit.  Although  the  illus- 
tration shows  8  subscriber  stations  on  the  physical  circuit 
having  voice  pass  filters  connected  between  them  and  the 
carrier  line  many  situations  will  arise  where  more  tlian  one 
physical  subscriber  can  be  served  from  a  single  voice  pass 
filter  as  shown  in  Figure  3b  and  discussed  in  more  detail  in 
Paragraph  5.02. 

if. 051  Figure  5a  illustrates  another  method  of  utilizing 
k   subscriber  carrier  channels  for  serving  32.   party 
line  subscribers.   In  this  illustration  much  greater 
use  is  made  of  voice  pass  filters  and  line  filters 
together  with  carrier  pass  filters  for  blocking 
direct,  ringing  and  voice  currents  (Paragraph  5«06) 
in  order  to  serve  the  entire  UO  subscribers  by  means 
of  a  single  wire  pair.  This  latter  type  of  filter 
sectionalizes  the  line  at  voice  and  ringing  frequencies 
so  that  it  can  be  used,   for  serving  separate  groups  of 
subscribers  connected  on  each  side  of  the  filter.  The 
use  of  more  voice  pass  filters  has  resulted  in  a 
fui'ther  savings  in  wire  pair  miles  as  compared  with 
Figure  ^b.  Although  more  voice  pass  filters  are  now 
used  many  application  situations  will  undoubtedly  arise 
whereby  the  additional  cost  of  purchase  and  installation 
of  these  filters  will  still  probably  be  less  than  that 
of  the  installed  cost  of  additional  voice  freqxiency 
wire  pairs  for  connecting  the  voice  frequency  drops  of 
the  subscriber  terminals  with  the  subscriber  stations. 
Confining  the  entire  party  line  layout  to  one  wire  pair 
vould   again  make  it  possible  to  utilize  joint-use  con- 
struction to  a  fuller  degree  even  in  heavy  loading 
areas. 

i4-.052  Figure  5b  illustipates  a  desirable  method  of  utilizing 
h   subscriber  carrier  channels  for  serving  32  party 
line  subscribers.   In  this  layout  the  subscriber 
terminetls  are  so  arranged  that  they  serve  subscribers 
from  only  two  separate  locations  as  compared  with  the 
k   separate  locations  shown  in  Figures  hh   and  5a.  This 
type  of  layout  is  accomplished  by  utilizing  only  one 
line  filter  to  permit  transmission  of  carrier  cxorrents 
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in  the  proper  direction  together  with  carrier  pass 
filters.  Another  method  of  line  treatment  sometimes 
used  for  the  subscriber  terminal  locations  as  shown 
in  Figiores  5a  and  5b  is  by  means  of  bandpass  filters 
to  confine  carrier  ciinrents  to  the  proper  direction 
of  transmission  while  simioltaneously  providing  the 
sectionalizing  features  of  carrier  pass  filters.   In 
addition  to  reducing  the  number  of  line  filters  some 
important  advantages  of  having  fewer  subscriber 
terminal  locations  are  summarized  below: 

1.  The  number  of  carrier  terminal  locations  is 
decreased  thereby  minimizing  the  number  of  loca- 
tions where  roaintenaxice  is  performed. 

2.  Savings  in  commercial  power  bills  canT:be  realized 
since  metered  power  is  required  at  fewer  locations. 

3.  Savings  in  the  number  of  pole  mounted  equipment 
cabinets  can  be  realized. 

k.      If  commercial  power  voltage  regulation  is  such  that 
voltage  regulators  must  be  provided  to  insure  long 
vacuum  tube  life  the  installed  cost  of  a  larger 
capacity  voltage  regulator  may  be  substantially 
less  than  the  cost  of  several  smaller  voltage 
regxilators  mounted  at  separate  locations. 

5.  If  the  commercial  power  supply  at  pole  mounted 
terminal  locations  is  subject  to  frequent  outages 
land  standby  power  facilities  must  be  provided  the 
cost  of  standby  power  on  a  per  channel  basis  should 
be  substantially  decreased. 

4.06  Figure  6  illustrates  an  application  where  subscriber  carrier 
equipment  can  be  economically  utilized  on  long  subscriber 
circuits  in  situations  vrfiere  conventional  facilities  such  as 
long  line  adapters  or  extremely  high  cost  wire  plant  would 
be  required  for  retiching  remotely-located  subscribers  or 
groups  of  subscribers.  The  basic  physical  circuit  between 
the  central  office  and  physical  subscriber  P  is  such  that 
the  central  office  would  probably  have  to  be  equipped  with  a 
long  line  adapter  for  this  circuit.  Subscribers  well  beyond 
this  location,  such  as  S,  can  be  provided  with  telephone 
service  by  means  of  subscriber  carrier  equipment  siiperiinposed 
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on  the  same  28  mile  physical  circuit  without  the  use  of 
long  line  adapters  since  subscriber  carrier  systems  are 
capable  of  serving  additional  subscribers  on  another  390  - 
1500  ohm  loop  beyond  the  subscriber  terminal  (Par.  3*08) • 
This  subscriber  loop  beyond  the  carrier  terminal  can  consist 
of  copper  clad  or  galvanized  steel  wire,  rural  distribution 
wire,  etc.,  depending  upon  the  distance  between  subscriber 
terminal  SI  and  S.  With  conventional  wire  plant  it  may  not 
be  possible  to  serve  the  extremely  remote  subscribers  such 
as  S  even  with  long  line  adapters  unless  high  cost  wire  plant 
were  constructed  for  the  entire  route.  With  subscriber 
carrier  the  conductors  shown  in  Figure  6  can  be  utilized 
since  carrier  transmission  requirements  are  met  for  most  sub- 
scriber carrier  equipment.  Flexibility  in  circuit  require- 
ments can  also  be  maintained  over  such  a  route  since  other 
subscriber  carrier  channels  can  be  added  at  various  loca- 
tions in  a  manner  similar  to  that  illustrated  in  Figure  3. 

U.07  Figure  7  illustrates  an  application  whereby  a  portion  of  an 
existing  or  proposed  trunk  carrier  route  linking  the  Simpson 
and  Baker  CDO's  can  also  be  utilized  for  subscriber  carrier 
applications  by  proper  selection  of  carrier  channels  and 
filters.   In  this  example  the  physical  circuit  plus  two  trunk 
carrier  channels  are  utilized  for  EAS  trunks  between  these 
offices  while  3  subscriber  carrier  channels  from  the  Simpson 
CDO  utilize  a  portion  of  this  same  wire  pa/r  to  connect  with 
rural  subscribers.  With  this  type  of  application  there  is 
no  physical  subscriber  loop  available  since  the  physical 
circuit  is  used  for  trunk  purposes.  Depending  upon  circuit 
requirements,  transmission  limitaoions,  etc.,  it  would  also 
be  possible  in  some  situations  to  simultaneously  utilize  sub- 
scriber carrier  in  a  similar  maimer  from  the  Baker  CDO  in 
order  to  derive  further  use  of  the  wire  pair  linking  Simpson 
and  Baker.  Applications  of  this  type  will  be  particularly 
advantageoxis  in  situations  where  appreciable  savings  can  be 
made  in  outside  plant  facilities  since  only  a  minimum  amount 
of  additional  plant  need  be  constructed  between  the  trunk ^ 
wire  pair  and  the  subscriber  terminals  of  the  carrier  equip- 
ment, and  in  situations  where  physical  limitations  such  as 
pole  strength,  clearances,  etc.,  make  it  impossible  to  pro- 
vide more  wire  pairs  along  an  existing  route. 

I+.08  An  important  application  in  which  subscriber  carrier  channels 
might  be  utilized  economically  is  in  sitviations  where  the 
number  of  conventional  telephone  circuits  needed  along 
particular  routes  exceed  the  number  of  such  circuits  permitted 
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on  existing  electric  supply  system  poles  vith  which  Joint -use 
would  be  economical.  Joint -use  was  mentioned  briefly  in 
previous  paragraphs  describing  other  possible  applications. 
Stackable  subscriber  carrier  channels  can  be  used  in  certain 
applications  to  sufficiently  reduce  the  number  of  physical 
telephone  pairs  required  on  a  Joint -use  basis  so  as  to  meet 
pole  strength  margins  and  thereby  make  such  an  operation 
practicable. 

i+.09  Another  possible  application  of  subscriber  carrier  is  in 

situations  where  the  use  of  such  equipment  can  sufficiently 
reduce  the  number  of  physical  wire  pairs  per  route  so  as  to 
eliminate  or  reduce  the  aciount  of  cable  plant  required  in 
the  telephone  system,  with  the  exception  of  short  lengths 
of  entrance  cable . 

TRANSMISSION  CONSIDERATIONS 


5.01 
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5.02 


Paragraph  I5  of  the  REA-TE  &  CM-Section  90I,  lesue  No.  2 
describes  some  of  the  more  important  transmission  aspects 
which  must  be  considered  for  a  properly  engineered  carrier 
system.  In  addition  to  selecting  a  particular  type  of 
carrier  equipment  it  is  extremely  important  that  proper  con- 
siderations be  given  to  the  voice  and  carrier  frequency 
transmission  of  the  wire  facilities  upon  which  the  carrier 
systems  are  superirrxposed. 

Figure  8  is  an  illustration  of  a  common  type  of  subscriber 
layout  whereby  three  channels  of  subscriber  carrier  equip- 
ment are  superimposed  upon  a  physical  circuit  which  also 
serves  eighxt  party-line  subscribers.  This  illustration  will 
first  be  used  to  explain  the  application  of  voice  pass 
filters . 


5.021 


Voice  pass  filters  are  a  type  of  low  pass  filter 
designed  to  pass  direct  currents,  ringing  cun-ents 
and  voice  frequency  currents  with  a  minimum  trans- 
mission loss  while  providing  a  bigh  transmission 
loss  to  any  carrier  frequency  currents.  Other  terms 
such  as  bridged  station,  waystation,  isolation  or 
blocking  filters  are  sometimes  used  by  various,  carrier 
manufacturers  for  describing  these  filters.  Voice 
pass  filters  must  be  :?nstalled  at  all  subscriber  taps 
in  situations  where  portions  of  the  subscriber  loop 
are  also  used  simultaneously  for  carrier  transmission. 


-  17  - 


{ 


5.022 


REA-TE  &  CM-910 


In  addition,  either  a  voice  pass  or  other  type  of 
low  pass  or  line  filter  must  be  installed  at  the 
central  office  terminals  as  shown  so  as  to  provide 
the  proper  directions  of  transmission  for  voice  and 
carrier  frequency  currents.  The  type  of  filter 
utilized  at  this  location  will  vary,  depending  upon 
the  type  of  carrier  equipment  which  is  provided. 
In  this  illustration  one  voice  pass  filter  is  shown 
at  the  central  office  terminals  while  three  of  these 
filters  are  shown  at  intermediate  locations  along 
the  wire  pair  linking  the  carrier  terminals. 

Voice  pass  filters  must  be  used  in  a  layout  such  as 
illustrated  in  Figxare  8  for  the  following  reasons: 


1.  To  prevent  short  circuiting  of  the  carrier 
currents  by  the  telephone  set  whenever  a  sub- 
scriber on  the  physical  circuit  is  dialing. 

2.  To  prevent  additional  carrier  frequency  trans- 
mission losses  when  the  telephone  set  or  other 
apparatus  on  the  physical  circuit  shunts  the 
carrier  frequency  line . 

.      3.  To  prevent  harmful  interfering  effects  to  voice 
frequency  transmission  on  the  physical  circuit 
as  a  result  of  demodulaxJon  of  carrier  frequency 
currents  by  varistors  or  other  non-linear  circuit 
elements  utilized  in  modern  telephone  sets. 

k.     To  prevent  additional  carrier  frequency  trans- 
mission losses  due  to  reflection  effects  when 
voice  frequency  taps  are  connected  to  the  wire 
pair  utilized  for  both,  voice  and  carrier 
frequency  transmission. 

5.  To  prevent  harmful  modulating  (interference) 
effects  to  carrier  frequency  currents  as  a 
result  of  voice  frequency  trensmission  on  the 
physical  circuit. 

S.023  It  can  be  seen  from  Figure  8  that  only  one  voice  pass 
filter  is  inserted  between  a  voice  frequency  tap  and 
the  wire  pair  utilized  for  both  voice  and  carrier 
frequency  transmission  in  situations  where  one  or  more 


-  18  - 


boc. 


") 


5. 021+ 


D 


REA-TE  &  CM-910 


voice  frequency  subscribers  are  served  from  the  tap. 
By  physically  locating  these  filters  at  the  junction 
between  the  main  route  and  each  voice  frequency  tap 
as  shown  only  a  minimim  number  of  filters  have  to  be 
provided  while  any  reflection  effects  at  carrier 
frequencies  due  to  taps  are  thereby  eliminated.  This 
latter  consideration  is  particularly  important  where 
higher  carrier  frequencies  are  being  utilized  because 
if  the  filters  are  mounted  at  subscribers '  residences 
the  distance  from  the  tap  to  these  residences  may 
approach  a  quarter  wavelength  and  serious  transmission 
impairment  would  then  occur  at  certain  carrier 
frequencies. 

Since  subscriber  carrier  equipment  is  now  available 
which  operates  over  different  frequency  ranges  various 
types  of  voice  pass  filters  have  been  developed  to 
perform  satisfactorily  with  each  of  these  systems.  As 
a  result  some  voice  pass  filters  (those  designed  for 
operation  with  relatively  low  frequency  carrier  systems) 
provide  high  insertion  losses  at  frequencies  just  above 
the  voice  frequency  range  while  others  (those  designed 
for  operation  with  relatively  high  frequency  carrier 
systems)  only  begin  to  provide  high  insertion  losses 
at  frequencies  somewhat  below  the  lowest  operating 
frequency  of  the  relatively  higher  frequency  carrier 
systems.   It  is  necessary  therefore  in  initieil  or 
future  situations  where  more  than  one  manufacturer's 
subscriber  carrier  equipment  is  superimposed  on  the 
same  wire  pair  (Paragraph  3. 02)  that  voice  pass  filters 
which  are  to  be  installed  initially  should  be  of  a  type 
which  will  function  satisfactorily  over  the  entire 
carrier  frequency  range  which  will  be  used  in  the  futvire. 
For  example,  if  higher  frequency  carrier  channels  of 
one  manufacturer  are  to  be  installed  initially  and 
lower  frequency  carrier  channels  of  another  manufacturer 
are  planned  for  the  future  on  the  same  wire  pair  voice 
pass  filters  initially  installed  should  be  of  a  type 
that  have  sufficient  insertion  losses  at  the  lower 
carrier  frequencies  to  be  used  tn  the  futirre.  Similarly, 
the  insertion  losses  of  these  filters  shoxild  not  decrease 
substantially  at  the  higher  carrier  frequencies  as  a 
result  of  the  effects  of  distributed  capacitance,  etc. 
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5.03  Protector  units  svch   as  the  Western  Electric  Compaxiy's  108a 
(also  caJ-led  "Tuned  Drainage  Units")  or  the  equivalent  are 
frequently  utilized  on  open  wire  lines  to  reduce  the  msigni- 
tude  of  electrically  induced  voltages  to  ground  in  situations 
where  the  telephone  pairs  are  in  proximity  to  electric  supply 
lines  (REA-TE  &  CM-Section  820) .  These  units  have  little  or 
no  detrimental  transmission  effects  to  voice  or  low  frequency 
carrier  transmission  (up  to  50  kc)  in  situations  where  they 
are  connected  to  open  wire  pairs  "between  carrier  terminals. 
At  frequencies  above  50  kc,  however,  these  protector  lonits 
begin  to  have  a  shunting  effect  on  carrier  currents  and  the 
resulting  transmission  losses  become  significant.  These  units 
can  be  properly  treated  for  use  on  wire  pairs  transmitting 
high  frequency  carrier  currents  by  adding  Western  Electric 
Company's  296D  Retardation  Coils  or  equivalent  in  series  with 
their  tip  and  ring  leads  or  by  connecting  a  voice  pass  filter 
(suitable  for  operation  with  high  frequency  carrier  channels) 
in  series  with  their  tip  and  ring  leads. 

5.0^4-  The  manner  in  which  a  typical  subscriber  carrier  layout  such 
as  shown  in  Figure  8  is  checked  to  determine  if  it  will  meet 
both  voice  and  carrier  frequency  transmission  is  given  below: 

5.0i+l  At  70  kc,  the  highest  carrier  frequency  utilized  in 
this  example,  ,the  12  inch  spaced  O80  CW  30  open  wire 
pair  has  a  wet  weather  attenuation  of  0.i|-6  db/mi., 
while  the  22  gauge  non-loaxied  paper  insulated  cable 
has  an  attenuation  of  8.5  db/mi.  (REA-TE  &  CM-^06, 
Tables  I  and  II ) 

Attenuation  Calculation  at  Carrier  Frequency  (70  kc) 


16  miles  X  0.U6  db/mi. 
0.5  mile  X  8.5  db/mi. 
Assumed  reflection  loss  at 
cable -open  wire  junction 

Tot€LL  Attenuation  at  70  KC 


-J.k   db 
4.3  db 

3   db 
IU.7  db 


This  value  is  within  the  manufacturers'  recommended 
maximum  value  of  25  to  36  db  (Paragraph  3-05) •  ^^ 
carrier  frequency  attenuation  calculation  was  made  at 
70  KC  since  this  is  the  highest  frequency  considered  in 
this  example  and  there  are  no  subscriber  terminals  at 
more  distant  locations  from  the  central  office.  If 
other  su^^riber  terminals  were  mounted  at  more  distant 
locations  additional  carrier  frequency  loss  calculations 
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would  probably  have  to  be  made  to  make  certain  that  the 
channels  meet  carrier  transmission  requirements  even 
though  lower  frequency  carrier  channels  would  probably 
be  considered  for  the  distant  locations.   If  line 
filters,  repeat  coils,  etc.,  must  be  inserted  in  the 
carrier  line  for  any  reason  an  insertion  loss  at 
carrier  frequencies  of  1  db  per  filter  or  repeat  coil 
should  be  added  to  the  calculation  given  above  unless 
the  actual  insertion  losses  of  these  devices  are  known, 
in  this  example  it  was  assumed  there  was  a  reflection 
loss  at  the  cable -open  wire  junction  of  approximately 
3  db.  It  was  further  assumed  that  the  facilities  were 
impedance  matched  where  the  central  office  carrier 
terminals  connect  directly  to  the  cable  and  where  the 
subscriber  terminals  connect  directly  to  the  open  wire 
pairs.  No  additional  carrier  transmission  loss  is 
assumed  due  to  shunting  effects  for  the  voice  pass 
filters  since  this  loss  is  negligible  at  carrier 
frequencies.  If  protector  units  such  as  the  Western 
Electric  Company's  108a  are  required  on  the  wire  pair 
linking  the  carrier  terminals  it  is  assumed  that  they 
will  be  treated  In  accordance  with  the  information 
given  in  Paragraph  5.O3,  therefore,  no  additional 
carrier  transmission  loss  is  assumed.  The  Rl  trans- 
position system  has  no  significant  absorption  peaks 
in  the  frequency  range  up  to  70  KC,  therefore,  it 
should  be  satisfactory  from  the  carrier  transmission 
standpoint  for  this  example  (REA-TE  &  CM-462). 

.0i^2  The  net  subscriber  loop  loss  for  the  furthermost  sub- 
scriber connected  by  means  of  a  subscriber  carrier 
channel  (si)  to  the  central  office  is  calculated 
below: 

U)op  Resistance  of  .109  Grade  I35  Steel  Wire  Con- 
nected Beyond  Subscriber  Terminal 

10.8  miles  =  57.02  kf  (REA-TE  &  CM-422,  Table  V) 
57.02  kf  X  Ik.^   ohms/kf  =  827  ohms  (REA-TE  & 
CM-422,  Figure  1). 

This  value  is  within  the  maximum  permissible  loop 
resistance  beyond  the  subscriber  terminal  for  most 
subscriber  carrier  systems  (Paragr^h  3.O8). 
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Loop  loss  factor  for  57-02  kf  of 

.109  Grade  135  Steel  Wire 

(REA-TE  &  CM-422,  Table  l) 
Uncorrected  subscriber  loop  loss 

z   57.02  kf  X  -0.039  db/kf 
Relative  gain  of  5  db  Improved 

Telephone  Set  to  Standard 

Telephone  Set  (REA-TE  & 

CM -^22,  Table  II ) 

Uncorrected  sxjbscriber  loop  loss 
with  5  db  telephone  set 

Net  loss  of  subscriber  carrier 

system  (REA-TE  &  CI^-901, 

Par.  8.05  and  8.O6) 
Entrance  to  central  office 

(REA-TE  &  CM -^22..  Table  IV ) 

Net  Subscriber  Loop  Loss 

I^e  net  subscriber  loop  loss  meets  the  criteria  in 
REA-TE  &  CM-i+15,  Paragraph  2,    since  the  design  of 
th-  subscriber's  loop  together  with  the  subscriber 
ca^^rier  equipment  is  such  that  the  ^^^^J^JJ^  ,  ,^ 
carrier  derived  subscriber  has  a  level  of  effective 
tSnsmission  which  is  better  thm.  0  db  effective. 
Since  the  carrier  chajinel  met  carrier  frequency 
transmission  req^oiremenfs  its  voice  frequency  output 
controls  can  be  adjusted  for  a  ab  1.  net  loss  at 
1000  c  p.s.  between  the  voice  frequency  drops  of  the 
carrier  channel  in  both  directions  of  transmission. 

5  0U3  The  loop  resistance  a,nd  net  subscriber  loop  loss  fox 
^^^  tLe   furthermost  physical  subscriber  from  the  central 
office  for  Figure  8  is  given  below,   b.5  miles  ol 


=  -0.039  db/kf 

:  -2.2  db 

=  -^>8  db 

=  -7.0  db 

z  fh.O  db 

=  /0 . 5  db 

=  -2.5  db 
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this  subscriber  loop  is  also  utilized  for  the  sxibscriber 

carrier  route. 


Loop  Resistance 

15-81f  kf  (3  mi.)  109  grade  I35  steel 

wire  X  14.5  ohms/kf 
42.24  kf  (8  mi.)  080  CW  30  wire  x  11 
ohms/kf 
2.64  kf  (0.5  mi.)  22  gauge  cable 

X  32.4  ohms/kf 

60.72  kf  Total  Loop  resistance 
conductors 
Total  Resistance  (d.c.)  of  two 
voice  pass  filters  in  sub- 
scriber loop 
(Assumed  resistance  of  70  ohms/filter 
with  one  filter  connected  at 
CO.  end  of  loop) 

Total  Loop  Resistance 


■  230  ohms 

=  465  ohms 

=  85  ohms 

=  7^0  ohms 

=  l4o  ohms 

=  920  ohms 


The  value  of  loop  resistance  is  still  within  the  maximum 
value  for  central  office  switching  equipment  without 
long  line  adapters.  The  amount  of  loop  resistance  added 
by  each  voice  pass  filter  varies  from  approximately 
4  ohms  to  140  ohms  depending  upon  the  manufacturer  and 
type  of  filter.  Where  voice  pass  filters  are  bridged 
on  a  line  as  in  Figiire  8,  the  total  d.c.  loop  resistance 
to  a  particular  subscriber's  location  contributed  by 
filters  is  that  of  one  voice  pass  filter  plus  a  voice 
pass  or  line  filter  at  the  central  office.  Where  an 
application  is  such  that  insertion  type  (voice  pass) 
filters  must  be  connected  into  a  line  the  total  d.c. 
loop  resistance  to  a  particular  subscriber's  location 
contributed  by  filters  is  that  of  one -half  of  one 
insertion  filter  plus  that  of  any  insertion  filters 
at  intermediate  locations  plus  a  voice  pass  or  line 
filter  at  the  central  office.  Situations  will  also 
arise  where  the  use  of  line  filters  at  intermediate 
locations  will  also  add  to  the  total  d.c.  loop 
resistance  of  the  physical  circuit.  Manufacturer's 
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data  concerning  line  and  insertion  type  filters 
should  be  used  for  determining  d.c.  loop  resistance 
values. 


Net  Subscriber  Loop  Loss 

15. 8i^  kf  (3  mi.)  109  Grade  135  steel 

wire  X  -O.03I  db.kf 
U2.2i^  kf   (8  mi.)   080  CVi  30  open  wire 
X  -0.067  db/kf 
2.6U  kf   (0.5  mi.)  22  gauge  cable 

X  0.287  db/kf 

60.72  kf  Uncorrected  subscriber  loop 
loss 


:  -0.it9  db 

•  -2.83  db 

=  /O.76  db 

-  -2.56  db 


Insertion  loss  at  1000  cps  for  two 
voice  pass  filters  in  series  in  addition 
to  a  possible  maximum  of  nine  untermi- 
nated  voice  pass  filters  shunting  the 
subscriber  loop  "  T^ 


db 


Entrance  to  central  office 

Net  Subscriber  Loop  Loss 


=  /0.5  db 
=  -0.06  db 


The  value  of  net  siibscriber  loop  loss  is  within  the 
0  db  effective  limitations  for  subscriber  loops  even 
though  voice  pass  filters  were  added  in  series  with 
the  subscriber  line  and  the  relative  gain  of  the 
5  db  Improved  Telephone  Set  to  the  Standard  Telephone 
Set  was  not  considered.  The  insertion  loss  value 
assumed  in  the  calculation  takes  into  account  the 
insertion  losses  of  two  filters  (one  at  the  central 
office)  plus  the  additional  shunting  losses  of  9  untermi- 
nated  filters  in  an  application  where  a  maximum  of  ten 
voice  pass  filters  might  be  connected  in  a  subscriber 
loop.  This  situation  would  occvir  where  the  party-line 
arrangement  is  such  that  a  separate  filter  would  be 
required  for  each  subscriber's  telephone.   It  is  not 
expected  that  the  insertion  losses  at  1000  cps  will 
exceed  two  db  in  such  arrangements  with  ten  voice  pass 
filters  of  any  one  manuf actxorer . 
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In  all  of  the  previouis  subscriber  carrier  applications  shown 
herein  it  was  as  sinned  that  the  central  office  terminals  of 
the  carrier  equipment  vere  physically  mounted  within  the 
central  offices.  Occasionally,  application  situations  may 
arise  whereby  it  is  not  practicable  to  mount  these  terminals 
within  the  central  office.  Such  applications  would  be  in 
situations  where  the  cable  attenuation  at  carrier  frequencies 
is  excessive,  where  all  available  cable  pairs  must  be  loaded 
in  order  to  meet  voice  frequency  ^transmission  reqixirements 
for  physical  subscriber  loops,  or  where  there  is  Icnown  excessive 
carrier  frequency  crosstalk  due  to  the  cable  facilities. 
Figure  9  is  a  one  line  diagram  illustrating  how  the  central 
office  terminals  of  a  subscriber  carrier  system  can  be  mounted 
external  to  the  central  offices  at  a  location  such  as  the 
cable -open  wire  junction.  Unlike  certain  types  of  trunk 
carrier  system  applications  which  require  separate  signaling 
leads  for  such  an  arrangement  the  subscriber  carrier  channels 
require  only  one  pair  per  channel  between  the  central  office 
and  the  carrier  terminals  since  they  terminate  in  the  centraQ 
office  in  the  same  manner  as  physical  subscriber  loops. 

5.051  Where  the  central  office  carrier  terminals  are  mounted 
external  to  the  central  office  the  net  subscriber 
loop  loss  for  carrier  subscribers  can  be  computed  in 
the  same  manner  as  illustrated  in  Paragraph  5,0^2  with 
the  1000  cps  loss  of  the  cable  circuit  facility  added 
algebracially  in  the  same  manner  as  the  central  office 
entrance  loss  so  that  a  net  subscriber  loop  loss  can 
be  computed  for  the  overall  circuit.  The  d.c.  loop 
resistance  of  the  cable  pair  between  the  central 
office  and  the  carrier  terminal  plus  the  d.c.  loop 
resistance  of  the  T  and  R  leads  of  the  central  office 
terminal  of  the  carrier  channel  when  in  an  off -hook 
condition  miist  not  exceed  the  majcimum  loop  resistance 
permissible  for  the  central  office  switching  equipment. 

Figure  10  is  an  illustration  of  the  use  of  carrier  and  voice 
pass  filters  to  sectionalize  a  wire  pair  into  two  separate 
voice  circuits  while  permitting  the  transmittal  of  carrier 
currents  in  both  directions  with  a  minimum  of  attenuation. 
A  carrier  pass  filter  is  a  high  pass  filter  which  permits 
the  passage  of  carrier  currents  in  both  directions  with  a 
minimum  attenuation  while  providing  high  attenuation  for 
ringing  and  voice  frequencies.  Direct  currents  are  blocked 
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by  such  a  filter.  By  inserting  a  carrier  pass  filter  (Fc) 
into  the  wire  pair  as  shown  in  Figure  10  it  is  possible 
to  provide  two  distinct  physical  circuits.  One  of  these 
circuits  connects  with  the  central  office  in  the  normal 
manner  while  the  other  connects  with  the  voice  frequency 
drop  of  subscriber  carrier  channel  2.  Depending  upon  the 
economics  in  such  an  application  situation  it  may  be  more 
practicable  to  utilize  a  carrier  pass  filter  as  shown 
rather  than  construct  a  separate  wire  pair  along  the 
same  route  for  connecting  party  line  subscribers  served  by 
subscriber  carrier  channel  2.  The  voice  pass  filter 
shown  at  the  subscriber  terminal  prevents  carrier  currents 
of  channels  1  and  2  from  being  attenuated  by  the  voice 
frequency  drop  of  carrier  channel  2.  The  other  voice  pass 
filters  are  connected  in  the  normal  manner. 

5.07  Nxjraerous  subscriber  carrier  applications  arise  where  sub- 
scriber terminals  are  connected  to  the  carrier  line  at 
separate  locations.  Examples  of  such  arrangements  were 
shown, in  previous  Figures.  Figure  11  is  an  example  where 
subscriber  terminals  for  channels  3  and  h   are  mounted  in 
a  different  location  than  that  of  channels  1  and  2.   In 
order  to  prevent  additional  carrier  frequency  transmission 
losses  a  line  filter  consisting  of  a  low  pass  and  &  high 
pass  section  is  inserted  in  the  line  as  shown.  The  low 
pass  section  has  a  cutoff  freqiiency  somewhat  above 
channel  2  and  prevents  additional  transmission  losses  to 
carrier  channels  3  and  h   due  to  the  tap  represented  by 
the  carrier  wire  pair  connecting  to  channels  1  euid  2. 
Similarly,  the  high  pass  section  has  a  cutoff  frequency 
somewhat  below  channel  3  ajid  prevents  etdditional  trans- 
mission losses  to  carrier  channels  1  and  2  due  to  the  tap 
represented  by  the  carrier  wire  pair  connecting  to 
channels  3  and.  k. 

A  bandpass  filter  arrangement  is  also  utilized  in  some 
applications  for  similar  reasons.  Various  other  line 
filter  combinations  caxi  be  installed  along  a  carrier 
route  so  that  one  or  more  channels  can  be  dropped  at 
separate  locations  in  order  to  efficiently  serve  sub- 
scribers with  a  minimum  number  of  wire  pairs. 
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5-071  In  Figure  11  it  can  be  seen  that  the  high  pass  filter 
also  performs  the  functions  of  the  carrier  pass 
filter  described  in  Paragraph  5.06  therefore,  the 
vire  pair  between  this  filter  location  and  the 
channel  k   subscriber  terminal  can  usually  be  utilized 
for  connecting  party  line  subscribers.  The  same 
arrangement  cannot  be  utilized  for  the  wire  pair 
between  the  low  pass  filter  and  either  channels  1  and 
2  since  this  filter  does  not  provide  D.C.  blocking  or 
sufficient  voice  frequency  attenuation  for  the  8 
physical  subscribers  connected  adjacent  to  the  central 
office.   If  it  is  planned  to  utilize  the  portion  of 
the  route  between  the  low  pass  filter  location  and 
channels  1  and  2  for  connecting  party  line  subscribers 
a  carrier  pass  filter  as  described  in  Paragraph  •■>.06 
should  also  be  provided. 

CROSSTAIiC  CONSIDERATIONS 


6.01 
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In  open  wire  carrier  system  applications  it  is  necessary 
that  a  transposition  system  be  selected  which  will  permit 
the  use  of  a  sufficient  number  of  carrier  channels  on  one 
or  more  wire  pairs  in  order  to  meet  initial  and  future 
requirements  of  the  carrier  application.  Hie  Rl,  R2,  REA-1 
and  REA-VI  transposition  systems  can  be  utilized  within 
their  limits  for  carrier  systems  of  various  types  and 
frequency  ranges.  Data  on  the  maximum  frequency  ranges  and 
pair  assignments  for  these  transposition  systems  from  the 
standpoint  of  crosstalk  loss  and  absorption  peaks  can  be 
found  in  the  REA-TE  &  CM-Sections  kGZ,   kG3>   and  465 . 


7.  EIECTRICAL  PROJECTION 


7.01 


Detailed  information  for  providing  the  proper  type  of 
electrical  protection  to  subscriber  carrier  terminals  and 
filters  can  be  obtained  in  the  REA-TE  &  CM  Section  822 
and  in  applications  manuals  provided  by  various  carrier 
equipment  si^pliers.  Dvie  to  the  cost  of  filters  of  various 
types  and  the  extensive  uise  of  these  filters  to  provide 
economical  circuit  arrangements  when  used  with  subscriber 
carrier  equipment  it  is  necessary  to  provide  proper  pro- 
tecxion  devices  at  all  filter  locations.   It  is  also 
extremely  important  that;  all  subscriber  carrier  terminal 
equipment  be  protected  in  accordance  with  apolicable 
recommendations . 
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8.  CARRIER  MAINTENANCE  Al|lD  TROUBI£  SHOOTING 

8.01  Maintenance  and  trouble  shooting  procedures  for  subscriber 
carrier  equipment  vary  due  to  the  dissimilarity  of  equxp- 
ment  of  different  manufacturers..  These  various  types  of 
equipment  differ  primarily  in  their  modulating  techniques, 
the  manner  in  which  on-hook  and  off -hook  signals,  dialing; 
and  ringing  information  are  transmitted  and  received  over 
the  carrier  system,  whether  bridged  for  full  selective 
ringing  is  provided,  the  number  of  test  jacks  and  the 
methods  in  which  carrier  terminals  are  assemblea  from  one 
or  more  chassis,  plug-in  subassemblies,  etc.  I^ufacturers 
recommendations  as  described  in  their  equipment  manuals 
should  therefore  be  followed  by  maintenance  personnel. 

6.02  Ttie  annual  charges  developed  for  carrier  teminals  as  listed 
in  the  REA-TE  &  CM  Section  2l8  include  costs  for  making 
several  trips  per  year  to  carrier  terminal  locations  for 
purposes  of  maintenance  and  trouble  shooting.  These  annual 
charges  also  include  replacement  of  vacuum  tubes  (the  numoer 
of  tubes  replaced  usually  varies  depending  upon  whether 
they  are  commercial  or  industrial  types  and  their  use  In 
T^articular  circuits)  and  power  consumption  costs.  Annual 
charges  will  be  influenced  by  the  number  of  separate  carrier 
tenninal  locations  to  which  trips  have  to  be  made  as  well  as 
the  power  consumption  costs  at  each  separate  location.  As 
mentioned  earlier  it  is  advantageous  from  the  ^tandpoints  ot 
maintenance  and  power  consumption  to  minimize  the  number  of 
separate  carrier  terminal  locations. 

a   n-^  c-nbscribei  carrier  manufactiirers  are  designing  their  equip- 
"  "^  ^^rto  provSe  long  vacuum  tube  life  by  operating  the  tubes 
veil  within  their  mLimum  ratings.  In  addition  some  types 
of  equipment  utilize  either  commercial  or  industrial  tube 
types  ikerchangeably  since  ijidustrial  tube  types  may  pro- 
vide  longer  life  in  some  situations. 

8  0^1  As  a  further  aid  in  improving  vacuum  tube  reliability 
various  cairier  manufacturers  operate  their  vacuum 
tubes  for  a  "run-in"  period  prior  to  installing  ^hem 
in  carrier  equipment  since  many  defective  vacuum 
tubes  seem  to  fail  within  their  first  several  weeks 
of  operation. 
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8.032  Some  carrier  manufacturers  feel  that  vacuum  tubes 
known  to  be  good  should  be  substituted  for  vacuum 
tubes  suspected  of  being  defective  rather  than  using 
a  tube  tester  for  locating  defective  tubes.  Even 
though  some  tube  testers  may  indicate  that  a 
particular  tube  is  weak  the  tube  may  still  function 
properly  in  carrier  equipment  for  a  substantial 
period. 

8.033  To  assure  long  vacuum  tube  life  the  proper  type  of  AC 
line  voltage  regulators  should  be  used  at  carrier 
equipment  installations  which  axe  powered  from  alter- 
nating current  sources  if  the  line  voltage  variations 
are  in  excess  of  the  limits  prescribed  by  the  various 
carrier  manufactxirers  for  the  proper  functioning  of 
their  equipment. 

As  an  aid  in  maintaining  and  trouble  shooting  subscriber 
carrier  equipment  manufacturers  have  provided  test  points 
at  various  locations  on  the  chassis  so  that  important  voltages 
can  be  read  periodically  as  an  indication  of  the  performance 
of  the  variolas  circuits  in  the  carrier  equipment.  These  test 
points  are  usually  located  in  such  a  manner  that  indications 
of  transmitter  output,  receiver  input,  detector  output, 
signaling  relay  voltages,  etc.,  can  be  conveniently  deter- 
mined from  the  front  of  the  carrier  teminal.   It  is  important 
that  the  test  point  readings  be  recorded  whenever  the  carrier 
equipment  is  installed  and  functioning  properly  and  then 
rechecked  at  periodic  intervals  for  preventative  maintenance 
purposes  or  as  a  guide  in  trouble  shooting. 


8.01+1 


8.0U2 


8.0i+3 


Some  manufacturers  have  located  these  test  points  in 
circuits  in  a  manner  so  that  multimeters,  such  as  the 
Simpson  Model  260  or  equivalent,  can  be  utilized  for 
most  of  the  required  measurements  at  the  terminals. 

Other  desirable  types  of  test  equipment  useful  for 
carrier  testing  and  maintenance  are  oscillators  which 
cover  both  the  voice  and  carrier  frequency  ranges  and 
vacuum  tube  voltmeters  which  read  sufficiently  low 
values  of  voltage  so  that  voice  frequency  net  losses 
can  be  acciirately  adjusted. 

Some  types  of  carrier  equipment  are  provided  with 
test  points  which  require  the  use  of  an  AC  \'Ecuum 
tube  voltmeter  capable  of  reading  small  voltages 
such  as  0.077  volts,  for  example,  which  corresponds 
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to  a  power  of  -20  dbm  when  read  across  a  6OO  ohm 
resistance  load.   Ordinary  vacuum  tube  voltmeters 
which  read  AC  volts,  DC  volts  and  ohms  are  not 
suitable  for  this  type  of  reading. 

8.65  Subscriber  carrier  instruction  manuals  presently  available 
usually  contain  a  section  listing  some  typical  troubles 
encountered  and  the  proper  means  for  correcting  them  in 
particular  types  of  equipment.   In  addition  to  troubles 
which  may  develop  at  central  office  or  subscriber  terminal 
locations  reported  carrier  troubles  may  be  due  to  various 
voice  pass  or  other  types  of  filters  inserted  in  the  carrier 
line  at  locations  intermediate  to  the  terminal  equipment, 
the  wire  pair  with  its  various  protectors  which  links  the 
carrier  terminals,  the  voice  frequency  drops  connected  to  the 
subscriber  or  central  office  terminals,  the  telephone  sets 
and  their  ringers  connected  to  these  voice  frequency  drops, 
and  the  central  office  switching  equipment. 

8.051  The  following  paragraphs  describe  some  of  the  typical 
reported  troubles  and  their  causes  as  they  apply  to 
any  type  of  subscriber  carrier  equipment.   Some  of 
these  troubles  have  no  counterpart  in  trunk  carrier 
equipment  and  result  from  the  necessarily  different 
signaling  arrangements  which  must  be  provided  in 
subscriber  carrier  systems .  Figures  12  and  13  show 
in  schematic  form  the  various  portions  of  the  carrier 
eqxiipment  or  other  items  of  telephone  plajit  which 
could  be  causing  reported  troubles.   In  situations 
where  more  than  one  portion  of  the  carrier  channel  or 
item  of  plant  might  be  causing  the  reported  trouble 
the  possible  causes  of  trouble  are  listed  in  a  logical 
order  starting  at  the  central  office  and  working  in 
the  direction  toward- the  subscriber  terminal.  Tliis 
order  of  trouble  shooting  would  saVe  travel  time  to 
subscriber  terminals  in  many  situations  where  the 
trouble  may  exist  at  the  central  office  end  of 
the  carrier  circuit. 

8.052  Carrier  channels  completely  inoperative  in  both 
directions  of  trainsmission. 
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8.0521  A  report  that  calls  cannot  be  made  to  or 

received  from  subscribers  connected  to  the 
voice  frequency  drop  of  a  subscriber  carrier 
channel  and  this  channel  is  providing  an  off- 
hook  condition  to  the  central  office  switching 
equipment.   The  carrier  channel  is  of  a  type 
which  normally  provides  tone  or  carrier  off 
v;hen  in  the  idle  condition  in  the  direction  of 
transmission  from  the  subscriber  terminal  to 
the  c^tral  office  terminal 

8.05211  Tlie  central  office  line  connected  to 

the  voice  frequency  drop  of  the  central 
office  terminal  of  the  carrier  chamnel 
may  be  defective.  Making  a  test  call 
from  this  line  into  the  central  off;ice 
equipment  with  the  carrier  voice  drop 
disconnected  should  quickly  prove 
whether  the  central  office  circuit  is 
defective . 

8. .05212  The  central  office  terminal  of  the 
carrier  channel  may  not  have  power 
supplied  to  it. 

8.05213  The  power  fuse  for  this  terminal  may 
have  blown. 

8.05214  The  receive  signaling  circuit  at  the 
central  office  carrier  terminal  may 
be  defective. 

8.05215  The  voice  frequency  drop  connected  to 
the  subscriber  terminal  of  the  carrier 
system  may  be  short  circuited. 

8.05216  The  ring  side  of  this  voice  frequency 
drop  may  be  groxonded  somewhere  along 
its  route. 

8.05217  A  telephone  set  connected  to  this  sub- 
scriber drop  may  accidentally  be  in  an 
off -hook  condition  or  its  ringer  may 
be  defective . 


) 
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8.0522  A  report  that  calls  cannot  be  made  to  or 
received  from  subscribers  connected  to 
the  voice  frequency  drop  of  a  subscriber 
carrier  channel  and  this  chemnel  is  pro- 
viding an  off -hook  condition  to  the  central 
office  switching  equipment.  The  carrier 
channel  is  of  a  type  which  normally  provides 
tone  or  carrier  on  when  in  the  idle  con- 
dition in  the  direction  of  transmission  from 
the  subscriber  terminal  to  the  central  office 
terminal-^ 

8.05221  The  centi-al  office  line  connected  to 
the  voice  frequency  drop  of  the 
central  office  terminal  of  the 
carrier  channel  may  be  defective. 
Making  a  test  call  from  this  line 
into  the  central  office  equipment 
with  the  carrier  voice  drop  dis- 
connected should  quickly  prove 
whether  the  central  office  circuit 
is  defective. 

8.05222  The  central  office  terminal  of  the 
carrier  channel  may  not  have  power 
supplied  to  it. 

8.05223  Ihe  power  fuse  for  this  terminal 
may  have  blown. 

8.0522^4-  The  receive  signaling  circuit  at 

the  centraJL  office  carrier  terminal 
may  be  defective. 

8.05225  The  wire  pair  linking  the.  carrier 

terminals  may  be  defective .  A  test 
call  made  to  another  subscriber 
terminal  mounted  at  the  same  location 
should  quickly  determine  if  the 
carrier  line  is  defective  providing 
that  a.c.  power  is  being  supplied  at 
the  remote  terminals  and  the  other 
carrier  channels  are  functioning 
satisfactorily . 
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8.05226  The  a.c.  power  at  the  subscriber 
terminal  may  have  faij.ed.  A  test 
call  made  to  another  subscriber 
terminal  mounted  at  the  same  location 
shruld  quickly  detem^ine  if  power  is 
being  supplied  at  this  location. 

8.05227  The  power  fuse  for  the  subscriber 
tei-minal  iriay  have  blown.  A  test  call 
to  another  channel  terminal  mounted  at 
the  same  location  should  quickly  deter- 
mine if  the  fuse  is  blo^vn  or  a.c. 
power  is  off  to  all  channels^  assuming 
that  the  wire  pair  linking  the  carrier 
channels  is  not  defective  and  that  the 
other  carrier  channels  are^znot  defective 
simiiltarieously . 

8.05228  The  tone  or  carrier  frequency  trans- 
mitter at  the  subscriber  termi:ial  may 
be  defective. 

8.05229  The  possible  troubles  to  the  voice 
frequency  drop  or  the  telephone  set 
as  described  in  8.O5215,  8.O5216  and 
8.05217  could  be  occaring. 

8.0523  A  report  that  calls  cannot  be  made  to  or  received 
from  subscribers  connected  to  the  voice  frequency 
drop  of  a  subscriber  carrier  cliannel  and  this 
chaainel  is  providing  an  on -hook  condition  to  the 
central  office  switching  equipment.  The  carrier 
channel  is  of  a  type  which  provides  tone  or 
carrier  off  when  in  the  idle  condition  in  the 
direction  of  transmission  from  the  subscriber 
terminal  to  the  central  office  terminal — 

8.05231  The  central  office  line  connected  to 

the  voice  frequency  drop  of  the  central 
office  terminal  of  the  csu'rier  channel 
may  be  defective.  Making  a  test  call 
from  this  line  into  the  central  office 
equipment  with  the  carrier  voice  drop 
disconnected  should  quickly  prove 
whether  the  centi-al  office  circuit 
is  defective. 
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8.05232  The  receive  signaling  circuit  or 
carrier  receiver  at  the  central 
office  terminal  of  the  carrier 
channel  may  be  defective . 

8.05233  The  wire  pair  linking  the  carrier 
terminals  may  be  defective.  Calling 
a  subscriber  connected  to  another 
subscriber  terminal,  at  this  location 
should  determine  if  the  wire  pair  is 
defective . 

8.O523U  The  transmit  signaling  circuit  or 
carrier  transmitter  at  the  sub- 
scriber terminal  may  be  defective. 

8.05235  The  a.c.  power  at  the  subscriber 
terminal  may  have  failed. 

8.05236  The  power  fuse  at  this  subscriber 
terminal  may  have  failed.   Test 
calls  to  subscribers  connected  to 
another  channel  terminal  at  this 
location  should  be  used  to  try  to 
determine  if  the  fuse  has  blown  or 
the  condition  described  in  8.05235 
has  taken  place . 

8.05237  The  voice  frequency  drop  from  the  sub- 
scriber terminal  may  be  open  at  the 
station  protector  mounted  at  the 
carrier  terminal  or  at  another  location 
along  its  route . 

8.O52U  A  report  tlmt  calls  cannot  be  made  to  or  received 
from  subscribers  connected  to  the  voice  frequency 
drop  of  a  subscriber  carrier  channel  and  the 
channel  is  providing  an  on-hook  condition  to 
the  central  office  switching  equipment.   The 
carrier  channel  is  of  a  type  which  provides  tone 
or  carrier  on  when  in  the  idle  condition  in  the 
direction  of  transmission  from  the  subscriber 
terminal  to  the  central  office  terrainal 
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8.052^4-1  The  central  office  line  connected  to 
the  voice  frequency  drop  of  the 
central  office  terminal  of  the  carrier 
channel  may  be  defective.  Making  a 
test  ca.Il  from  this  line  into  the 
central  office  equipment  with  the 
carrier  voice  drop  disconnected 
should  quickly  prove  whether  the 
central  office  circuit  is  defective. 

8.052^+2  The  voice  frequency  drop  from  the 
subscriber  terminal  may  be  open  at 
the  station  protector  mounted  at  the 
carrier  terminal  or  at  another 
location  along  its  route. 

8.053  Ringing  Difficulties 

8.0531  A  report  that  ringing  to  a  particular  carrier 
subscriber  on  a  full  selective  ringing  system 
is  being  received  by  another  subscriber  whose 
ringer  is  of  the  same  frequency  but  connected 
between  the  opposite  side  of  the  line  and 
ground 

8.05311  The  central  office  equipment  is  not 
supplying  ringing  power  between  the 
proper  side  of  the  line  and  groxond. 
I4aking  a  test  call  to  this  line  from 
the  central  office  telephone  and 
measiuring  the  ringing  output  should 
q-oickly  prove  whether  the  ringing 
power  is  being  applied  properly. 

8.05312  The  side -of -the -line  selection  eqxiip- 
ment  in  the  central  office  terminal 
of  the  carrier  channel  is  not 
functioning  properly. 

8.05313  The  side -of -the -line  selection  equip- 
ment in  the  subscriber  terminal  of 
the  carrier  channel  is  not  functioning 
properly  and  the  relay  associated 
with  this  circuit  is  not  being  switched 
to  place  ringing  voltage  and  ground 

on  the  proper  side  of  the  line   in 
accordance  with  the  number  dialed. 
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8.0532 


8.05314  Vrtien  the  trouble  is  caused  by  the 
side -of -the -line  selection  equip- 
ment in  the  carrier  channels  the   \ 
carrier  circuits  Tor  deriving 
ringing  power  of  the  proper 
frequency  and  applying  it  to  the 
voice  frequency  drop  of  the  carrier 
channel  may  function  properly  and 
troxjble  shooting  of  these  circuits 
probably  would  not  be  necessary. 

A  report  that  it  is  not  possible  to  ring  a 
particular  subscriber  connected  to  the  voice 
frequency  drop  of  a  subscriber  carrier 
channel— 


8.05321  The  central  office  may  not  be 
applying  ringing  power  of  the 
proper  frequency  between  one  side 
of  the  line  and  ground  at  the 
central-  office  terminal  of  the 
carrier  channel.  Making  a  test 
call  to  this  line  from  the  central 
office  telephone  and  measuring  the 
ringing  output  should  quickly 
prove  whether  the  ringing  power  is 
being  applied  properly. 

8.05322  The  side -of -the -line  selection 
difficulties  for  the  carrier 
channel  as  described  in  8.05312  and 
8.05313  may  be  occurring. 

8.05323  An  open  bridle  wire,  drop  wire  or 
fuse  in  the  telephone  circuit  of 
the  particular  subscriber  reporting 
the  difficulty  may  have  occurred. 

8.O532U  A  defective  ringer  in  the  telephone 

set  may  be  the  cause  of  the  difficulty. 

8.05325  A  sufficient  number  of  loud  ringing 
bells  or  extension  telephones  with 
their  ringers  connected  may  be 
installed  at  the  particular  sub- 
scriber's residence  so  that  ringing 
power  output  of  the  carrier  channel 
at  a  pai^ticular  frequency  is  sub- 
stantially reduced  by  the  heavy 
ringing  load. 
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8.05326  Test  calls  made  to  other  subscribers 
whose  ringers  are  connected  between 
both  tip  and  ring  sides  of  the  line 
ajid  groxmd  should  be  made  from  the 
central  office  to  determine  if  the 
carrier  channel  itself  is  causing 
the  difficulty. 

8.0533  A  report  that  difficulty  is  being  experienced 
in  ringing  subscribers  connected  to  the  voice 
frequency  drop  of  a  subscriber  terminal  whose 
ringers  are  connected  between  either  the  tip 
or  ring  sides  of  the  line  and  ground  and  in 
the  frequency  range  between  50  and  66  c.p.s.— 

8.05331  In  some  situations  this  difficulty 
may  be  due  to  connecting  V/e stern 
Electric  Company's  Type  108a  Pro- 
tector Units  or  the  equi\'alent  on 
the  voice  frequency  drop  of  the 
carrier  channel  since  these  units 
provide  a  relatively  low  impedance 
path  to  ground  for  the  tip  and  ring 
leads  in  the  range  of  the  60  c.p.s. 
frequency. 

8.053l<-  A  report  that  ringing  to  a  called  subscriber 
on  a  full  selective  ringing  system  is  being 
received  by  another  subscriber  whose  ringer 
is  of  a  different  frequency  (cross  ringing) 
but  connected  between  the  same  side  of  the 
line  and  ground  or  where  other  than  the 
called  subscriber's  ringer  is  actuated 
(cross  ringing)  on  a  full  selective  bridged 
(five  party)  ringing  system 

8.O53UI  The  power  output  of  the  central 

office  ringing  generator  may  have 
drifted  in  frequency. 

8.O53U2  The  waveshape  of  the  ringing  power 
output  at  the  subscriber  terminal 
of  the  carrier  channel  may  be  dis- 
torted and  thereby  produce  tHe 
harmonics  which  are  causing  cross 
ringing . 
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8.O53I+3  The  ringing  power  output  control 
of  the  carrier  system  (only- 
present  on  certain  t-ypes  of 
carrier  systems)  may  be  improperly 
adjusted.  The  carrier  manufacturer's 
recommendations  for  the  setting  of 
this  control  or  other  techniques 
for  minimizing  cross  ringing  should 
be  followed. 

8.053^4-^  The  particular  ringer  which  is 

responding  to  power  of  a  different 
fundamental  frequency  may  be  out  of 
adjustment.  Making  a  test  call  to 
a  subscriber  whose  telephone  has  a 
similar  ringing  frequency  but  is  con- 
nected between  the  opposite  side  of 
the  line  and  ground  should  prove 
whether  the  particular  ringer  is  out 
of  adjustment  or  whether  the  carrier 
system  itself  or  the  ringing  gener- 
ator might  be  causing  the  cross 
ringing . 

8.O53U5  For  all  of  the  cross  ringing  complaints 
the  side  of  the  line  selection  equip- 
ment in  the  carrier  terminals  and  the 
ringing  relay  which  applies  power  to 
the  voice  drop  are  probably  functioning 
normally. 

8.0535  A  report  that  it  is  possible  to  dial  properly 
and  talk  in  both  directions  of  transmission 
from  the  voice  frequency  drop  of  a  subscriber 
carrier  terminal  but  that  it  is  impossible  to 
ring  subscribers  connected  to  this  voice 
frequency  drop  (revertive  calls)  or  that  sub- 
scribers connected  to  other  lines  cannot 
ring  subscribers  connected  to  this  voice 
frequency  drop 

8.05351  The  revertive  call  equipment  or  the 
central  office  equipment  which 
supplies  ringing  power  of  the  proper 
frequency  between  the  proper  side  of 
the  line  and  ground  may  not  be 
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functioning  properly  and  is  not 
supplying  ringing  information  to  the 
central  office  terminal  of  the  carrier 
channel.  A  test  call  made  from  the 
telephone  in  the  central  office  should 
qtuickly  prove  whether  or  not  this 
equipment  is  working  properly  on 
through  calls  while  a  revertive  test 
call  made  from  the  voice  frequency 
drop  of  the  central  office  terminal 
of  the  carrier  should  quickly  prove 
whether  or  not  the  revertive  call 
equipment  is  functioning  properly. 

6-05352  The  ringing  circuits  in  the  central 
office  terminal  of  the  carri^ 
channel  may  be  defective. 

8-05353  The  ringing  circuits  in  the  subscriber 
terminal  of  the  carrier  channel  may 
be  defective.   The  defect  could  be 
one  where  the  terminal  is  not  generating 
any  ringing  power  or  that  the  generated 
ringing  power  is  not  being  applied  to 
the  voice  frequency  drop  by  the  ringing 
output  relay. 

8.05354  On  full  selective  ringing  systems 

the  ground  connection  for  the  ringing 
output  power  might  not  be  supplied  by 
the  side -of -the -line  selection  relay 
in  the  sijbscriber  terminal  during 
the  ringing  condition. 

8.054  Dialing  Difficulties 

8.O5UI  A  report  that  it  is  possible  to  properly  ring 
and  talk  with  subscribers  connected  to  the 
voice  frequency  drop  of  a  subscriber  tenninal 
of  a  carrier  channel  but  that  these  sub- 
scribers cannot  dial  other  subscribers  on 
their  own  line  (revertive  calls)  or  those  on 
other  lines  in  the  telephone  system 
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8.05^11  Tlae  central  office  circuit  con- 
nected to  the  voice  frequency  drop 
of  the  central  office  terminal  of 
the  carrier  channel  for  either 
through  or  revert ive  calls  may  be 
defective.  Making  a  through  or 
revertive  call  from  the  voice 
frequency  drop  of  this  carrier 
terminsLL  should  prove  whether  or 
not  the  dialing  operation  is 
functioning  properly. 

8.05^12  The  receive  signaling  circuit 

associated  with  the  central  office 
terminal  of  the  carrier  channel 
may  be  defective . 

8.05^13  The  transmit  signaling  circuit 
associated  with  the  subscriber 
temiinal  of  the  carrier  channel 
may  be  defective. 

8.05^1^  If  it  is  suspected  that  only  one 
subscriber  is  having  dialing 
difficulties  as  compared  with 
several  other  subscribers  on  the 
same  party  line  the  dial  of  this 
particular  subscriber's  telephone 
may  not  be  adjusted  properly. 
Calling  other  party  line  sub- 
scribers and  requesting  them  to 
dial  the  central  office  telephone 
should  quickly  prove  whether  a 
particular  dial  or  the  carrier 
equipment  itself  is  causing  the 
difficulty. 


8.055  Talking  Failxores  in  One  Direction  of  Transmission 

8.0551  A  report  that  it  is  possible  to  properly 
ring  and  talk  to  called  party  line  sub- 
scribers connected  to  the  voice  frequency 
drop  of  a  subscriber  carrier  channel  but 
they  cannot  be  heard  by  calling  subscribers 
The  carrier  subscribers  can  properly  dial 
other  lines  in  the  telephone  system 
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8.05511  The  voice  frequency  circuits  associ- 
ated with  the  carrier  receiver  at 
the  central  office  terminal  may  be 
defective . 

8.05512  The  voice  frequency  circuits  associ- 
ated with  the  carrier  transmitter  at 
the  subscriber  terminal  may  be 
defective. 

8.05513  If  it  is  suspected  that  only  one  called 
party  cannot  be  heard  by  the  calling 
party  as  compared  with  several  other 
siibscribers  on  the  same  party  line  the 
transmitter  in  the  called  party's  tele- 
phone set  may  be  defective^  Calling 
other  subscribers  on  this  same  party 
line  can  quickly  determine  whether  the 
difficulty  is  in  the  carrier  equipment 
or  the  telephone  transmitter. 

8.0552  A  report  that  it  is  possible  to  properly  ring 
and  talk  to  called  paxty  line  subscribers  con- 
nected to  the  voice  frequency  drop  of  a  sub- 
scriber carrier  channel  but  they  cannot  be 
heard  by  calling  subscribers.  The  carrier  sub- 
scribers cannot  properly  dial  other  lines  in 
the  telephone  system— ^ 

8.05521  The  carrier  receiver  at  the  central 
office  termixial  may  be  defective. 

8.05522  The  carrier  transmitter  at  the  sub- 
scriber terminal  may  be  defective. 

8.0553  A  report  that  it  is  possible  to  properly  dial 
and  talk  from  the  voice  frequency  drop  of  a 
subscriber  carrier  channel  but  that  the  calling 
party  cannot  hear  the  called  party 

8.05531  The  transmitter  in  the  called  party's 
telephone  set  may  be  defective.  Since 
the  calling  party  was  able  to  seize 
the  central  office  switching  equipment, 
receive  dial  tone  and  properly  dial 
over  the  carrier  system  it  is  probably 
functioning  satisfactorily  in  both 
directions  of  transmission. 
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3.055^  A  rfeport  that  it  is  impossible  to  receive 
dial  tone  at  the  voice  frequency  drop  of 
a  subscriber  terminal  although  placing  a 
telephone  connected  to  this  drop  in  the 
off -hook  condition" seizes  the  central 
office  equipment 

8.055^+1  The  carrier  transmitter  itself  or 
the  voice  circuits  associated  with 
it  at  the  central  office  terminal 
of  the  carrier  channel  may  be 
defective . 

8.05542  The  carrier  receiver  itself  or  the 
voice  circuits  associated  with  it 
at  the  subscriber  terminal  of  the 
carrier  channel  may  be  defective. 

8.055^3  If  it  is  suspected  that  only  one 

callin;j  party  cannot  hear  the  dial 
tone  as  compared  with  the  other 
party  line  subscribers  connected 
to  the  carrier  drop  the  receiver 
in  the  calling  party's  telephone 
set  may  be  defective.  Attenrpted 
calls  to  other  party  line  sub- 
scribers connected  to  this  drop 
could  be  made  to  determine  if  the 
carrier  equipment  or  the  telephone 
receiver  is  defective. 

8.056  Carrier  Transmission  Difficulties 

8.0561  A  report  that  a  subscriber  carrier  channel 
sounds  "hollow"  or  that  singing  occurs  on 
certain  throuf^  or  revert ive  calls 

8.05611  The  voice  frequency  cain  control  or 
controls  which  determine  the  voice 
frequency  net  loss  at  which  the 
carrier  channel  operates  are  probably 
not  adjusted  in  accordance  with  the 
carrier  manufacturers '  recommendations 
for  one  or  both  directions  of  trans- 
mission. 
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8.0562  A  report  that  the  carrier  frequency  attenu- 
ation of  the  wire  pair  connecting  the  carrier 
teiminals  is  substantially  greater  than  calcu- 
lated vet  weather  values  at  certain  carrier 
frequencies 

8.05621  One  or  more  of  the  carrier  line 
filters  installed  on  the  wire  pair 
nay  be  defective . 

8.05622  An  absorption  peak  can  be  occurring 
on  the  open  wire  pair  if  the  carrier 
frequencies  are  in  excess  of  the 
maximum  frequencies  for  which  the 
transposition  system  was  designed. 

8.05623  One  or  more  Western  Electric  Company's 
108a  Protectors  or  the  equivalent, 
could  have  been  connected  between 

the  carrier  wire  pair  and  ground  with- 
out treating  them  properly  for  carrier 
frequency  operation. 

8.0562^+  One  or  more  voice  pass  filters  could 
have  been  connected  to  the  wire  pair 
with  their  connections  reversed. 
(Voice  frequency  drop  side  of  the 
filter  connected  to  the  carrier  wire 
pair  and  carrier  line  side  connected 
to  the  voice  frequency  drop). 

8.05625  A  new  subscriber  tap  could  have  been 
added  to  the  carrier  wire  pair  with- 
out inserting  a  voice  pass  filter 
between  the  tap  and  the  carrier  line. 

8.05626  Cable  branches  or  laterals  may  be 
connected- to  the  through  cable  pair 
without  inserting  voice  pass  filters 
at  the  Junction  of  these  cable  pairs. 

8.05627  A  new  carrier  tap  could  have  been 
added  to  the  wire  pair  for  connecting 
one  or  more  additional  carrier  channels 
without  inserting  tihe  proper  type  of 
carrier  filter  or  filters  between  the 
new  tap  and  the  main  wire  line  route. 
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8.05628  An  increase  in  leakage  between  con- 
dxictors  of  the  carrier  wire  pair  and 
between  these  conductors  and  ground 
as  a  result  of  foliage  growing  into 
the  carrier  wire  pair,  dirty  or 
shorted  carbon  blocks  in  the  various 
pro":ectors  connected  to  this  wire  pair, 
defective  insulators,  structural 
defects,  etc. 

8.05629  One  or  more  of  the  voice  pass  filters 
have  the  wrong  cutoff  frequency  for  the 
particular  channels  utilized.  (Par.5.02U). 

8.057  Noise  Problems 

8.0571  A  report  that  one  or  more  carrier  channels  tiave 
had  their  transmission  impaired  due  to  noise. 
Since  this  noise  can  be  caused  by  amplified  and 
detected  carrier  frequency  noise  on  the  wire 
pair  linking  the  carrier  terminals  or  voice 
frequency  noise  resulting  from  various  conditions 
of  unbalance  on  the  voice  frequency  drop  a 
simple  test  should  be  made  to  determine  which 
type  of  noise  is  causing  the  transmission  impair- 
ment.  If  the  voice  frequency  drop  at  the  sub- 
scriber terminal  is  temporarily  disconnected 
while  a  test  call  is  made  from  this  location  to 
the  central  office  telephone  and  the  noise  is 
no  longer  present  the  noise  is  at  voice 
freq\iencies  and  its  cause  can  be  determined  by 
a  procedure  similar  to  that  used  for  subscriber 
lines  which  is  outlined  in  REA-TE  &  CM  Section  ^^55 
If  the  test  call  reveals  that  the  noise  still 
persists  with  the  voice  drop  removed  it  is  ainpli- 
fied  carrier  noise  and  could  be  due  to  any  of  the 
following  conditions 

8.05711  Any  of  the  conditions /O'utlined  in  8.O562 
which  are  causing  ^xibstantially  greater 
attenuation  at  carrier  frequencies  than 
the  expected  wet  weather  valued. 

8.05712  By  installing  the  carrier  channel  on  a 
wire  pair  whose  attenuation  at  carrier 
frequencies  exceeds  the  recommended 
maximum  value  of  the  manufacturer  for 

a  particular  type  of  subscriber  carrier 
equipment . 
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8.05713  The  power  output  of  the  carrier 
transmitters  at  one  or  both 
carrier  tenninauLs  may  have 
decregLsed  due  to  tube  aging,  etc. 
If  the  noise  is  objectionable  in 
only  one  direction  of  transmission 
the  transmitter  of  the  carrier 
termingJ.  for  this  direction  of 
transmission  may  have  decreased 
its  output  power. 

8.05711+  The  carbon  blocks  on  various  pro- 
tectors may  be  breaking  down  and 
causing  carrier  frequency  noise. 

8.05715  Corroded  splices  in  the  open  wire 
or  cable  portions  of  the  circuit. 

8.058  Voice  Pass  Filter  Problems 

8.0581  A  report  that  the  physical  subscriber  line 
upon  which  the  subscriber  carrier  system  is 
superimposed  shows  an  off -hook  condition 
while  the  subscriber  carrier  channels  are 
fiinctioning  properly 

8.05811  The  capacitor  of  a  voice  pass 
filter  connected  across  the  tip 
and  ring  leads  is  short  circuiting 
due  to  lightning  damage  or  other 
causes . 

8.05812  The  physical  wire  pair  between  a 
voice  pass  filter  location  and  a 
physical  subscriber's  telephone  set 
is  accidentally  short  circuiting 

or  the  ring  side  of  the  line  is 
accidentally  grounded. 

8.05813  A  telephone  set  at  a  physical  sub- 
scriber's residence  has  accidentaJJ.y 
been  placed  in  an  off -hook  condition. 

8.0582  A  report  that  one  or  more  physical  subscribers 
connected  to  a  wire  pair  i5)on -which  sub- 
scriber carrier  channels  are  si^jerimposed  and 
functioning  properly  are  having  difficulty 

in  dialing  correct  numbers—— 
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8.05821  The  central  office  line  associated 
with  the  physical  subscribers  may 
not  be  functioning  properly. 
Mal-cing  a  test  call  from  this  line 
at  the  mainframe  with  the  outside 
physical  line  disconnected  should 
quickly  prove  whether  it  is 
functioning  properly. 

8.05822  The  resistance  of  the  inductor 
windings  in  the  voice  pass  or 
line  filter  located  at  the 
central  office  or  voice  pass 
filters  located  at  subscribers' 
taps  may  have  increased  sub- 
stantially due  to  lightning  or 
other  causes  so  that  the  overall 
loop  resistance  of  the  physical 
circuit  may  be  beyond  the  maximum 
value  recommended  for  the  particu- 
lar central  office.  (Par.  5.043). 

8.05823  The  normal  resistance  of  the 
inductor  windings  in  the  voice  pass 
filter  might  have  increased  the 
loop  resistance  for  the  further- 
most physical  subscribers  to  such 
an  extent  that  the  loop  resistance 
may  be  beyond  the  maJ<imum  value 
recommended  for  the  particular 
central  office . 


9 


8.O582U  The  capacitors'  associated  with  the 
voice  pass  filters  which  are  con- 
nected across  the  tip  and  ring 
leads  laay  be  leatky  due  to  li.ghtning 
damage  or  other  causes  thereby 
causing  distortion  of  d-ial  p^ol.ses. 

8.05825  The  dial  of  the  telephone  set  of 
the  particular  subscriDer  which 
reported  the  dialing  difficulty 
nay  not  be  adjusted  properly.  A 
test  call  to  other  physical  sub- 
scribers should  reveal  v/hether  the 
dialing  difficulty  is  common  to  all 
subscribers  or  to  a  particular  sub- 
scriber. 
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8.0583  A  report  that  it  is  impossible  to  call  or 
receive  calls  from  a  physical  s\ibscriber 
that  utilizes  portions  of  the  same  wire  line 
upon  vrtiich  sxibscriber  carrier  channels  are 
superimposed.  The  subscriber  carrier 
channels  are  functioning  properly  and  the 
physical  circ\iit  shows  an  on-hook  condition 

8.05831  The  inductors  of  the  voice  pass 
filter  connected  at  the  subscriber 
tap  are  open  due  to  lightning  or 
other  causes. 

8.05832  The  wire  pair  betv;een  the  voice 
pass  filter  and  the  subscriber's 
telephone  set  is  open. 

8.05833  One  or  both  fuses  in  the  telephone 
station  protectors  at  a  physical 
subscriber's  residence  are  open. 

8.05834  The  telephone  set  at  the  particular 
subscriber's  residence  is  defective. 
If  other  subscribers  are  connected 
to  this  same  voice  frequency  tap 

a  test  call  made  to  these  other  sub- 
scribers should  quickly  prove  whether 
the  difficulty  is  dvie  to  the  troubles 
given  above. 
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1.  Introduction 

1.1  This  section  describes  measurements  pertaining  to  carrier  multiplex 
equipment.  The  methods  of  measuring  are  subject  to  slight  variations 

among  equipment  manufacturers.  Documented  here  are  brief,  sometimes  general, 
procedural  guidelines  for  performing  these  tests.  The  details  given  should 
enable  a  technician  (or  similarly  qualified  test  person)  to  perform  these 
tests  (with  perhaps  some  referral  to  manufacturers'  recommendations  and 
specifications). 

1.2  Standardization  of  telecommunications  measurements  is  now  in  progress. 
Some  of  the  measurements  here  have  been  addressed  by  various  organi- 
zations and  some  guidelines  have  been  set.  However,  it  may  be  years  before 
complete  standards  are  issued.  As  these  standards  are  adopted,  test 
procedures  should  be  modified  to  reflect  the  national  standards. 

1.3  The  tests  and  measurements  outlined  here  include  many  standard  trans- 
mission tests.  Not  all  of  these  tests  need  be  performed  at  one  time, 

and  these  tests  are  mainly  for  checking  system  performance  during  operation. 
These  tests  can  be  performed  on  carrier  equipment  in  the  laboratory  and  on 
operating  systems  (in  the  field).  Of  course,  laboratory  tests  are  more 
precise  because  of  the  controls  applied.  Field  tests  may  require  some  data 
adjustment  and  experimentation  to  attain  the  desired  level  of  precision. 
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1.4  Since  modern  telecommunications  testing  equipment  is  likely  to  be  of 
high  quality,  no  specifications  or  minimum  required  characteristics  for 
test  equipment  are  given. 


1.5 


This  section  comprises  the  following:  a  subsection  on  channel  seizure 
and  access  and  which  tests  they  apply  to  (paragraph  2);  a  subsection  on 
voice  frequency  (VF)  tests  that  includes  impedance  tests  (paragraphs  3  through 
6)  noise  distortion,  and  response  tests  (paragraphs  7  through  11),  signaling 
tests-  (paragraphs  12  and  13)  and,  a  subsection  on  high  frequency  (HF)  tests 
for  analog  and  digital  systems  (paragraphs  14  through  16).  Also  included  are 
brief  comments  on  data  systems  and  automatic  test  equipment  (ATE). 

1  6  When  terms  are  defined,  where  possible,  the  1984  edition  of  the  IEEE 
Standard  Dictionary  of  Electrical  and  Electronics  Terms  was  used. 

2.  Channel  Access  and  Seizure 
2.1  Access 


2.1.1 


On  most  of  the  measurements  where  channel  seizure  is  required,  access 
is  made  at  the  two-wire  drop.  This  disconnects  the  central  office 
equipment.  Test  jacks  are  very  often  available  for  access. 

2  1  2  If  access  is  gained  at  the  four-wire  connections,  some  data  (level) 

adjustment  may  be  necessary.  Details  for  these  adjustments  on 
specific  measurements  are  given  in  the  test  descriptions  (and  may  be  provided 
by  the  carrier  equipment  manufacturer). 

2  1  3  When  an  end  is  to  be  terminated  rather  than  measured,  use  900  ohms  (or 

600  ohms  at  a  toll  center)  in  series  with  2  F.  or  other  networks  as 
required.  Many  instruments  provide  built-in  termination  networks   When  using 
discrete  components  for  the  termination  networks,  resistors  should  be  no 
greater  than  one  (1)  percent  tolerance  and  capacitors  no  greater  than  five  (b) 
percent  tolerance. 

2.2  Seizure 

2.2.1  For  most  voice  frequency  measurements,  the  carrier  channel  must  be 
seized  at  both  ends  to  place  it  in  a  normal  operating  condition.  The 

method  of  seizure  will  depend  on  the  type  of  signaling  used.  (Signaling  test 
sets  usually  provide  for  channel  seizure.) 

2.2.2  E  &  M  signaling  will  usually  be  used  at  the  toll  center  on  toll  con- 
necting trunks.  However,  the  toll  connecting  trunk  may  use  oop  dial 

signaling.  Following  is  a  description  of  channel  seizure  for  systems  using 
different  types  of  signaling: 

2  2.3  E  &  M  -  To  seize  a  channel  that  uses  E  &  M  signaling,  apply  minus 
(-)48  volts  d.c.  (fused)  to  each  terminal  "M"  lead. 

2.2.4  Loop  dial  -  When  making  measurements  on  carrier  channels  equipped 

with  loop  dial  signaling  (one-way),  the  method  of  seizure  may  vary 
among  systems: 
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outgoing  loop  dial  -  On  outgoing  (originating)  loop  dial  systems, 
the  channel  is  seized  by  providing  a  d.c.  path  (using  a  holding 
coil)  across  the  earner  two-wire  drop.  Most  newer  test  instruments  provide 
a  voice  frequency  (VF)  holding  coil  internally  that  can  be  switched  in  to 
provide  a  d.c.  path  to  seize  the  channel.  Make  certain  that  the  specified 
Impedance  (600  or  900  ohms)  is  used.  When  the  outgoing  loop  dial  end  is  to 
be  terminated  rather  than  measured  place  a  high  impedance  holding  coil  (CO 
battery  feed  relay,  for  example)  in  parallel  with  the  termination. 

2.2.4.2  incoming  loop  dial  -  Follow  the  instructions  of  the  carrier 

equipment  manufacturer.  One  method  used  to  seize  incoming  loop  dial 
employs  an  external  battery  (of  specified  polarity  and  voltage)  to  simulate 
return  supervision  from  the  central  office  equipment. 

2.2.5  Subscriber  carrier  -  On  the  subscriber  end,  the  holding  coil  provides 

a  d.c.  path  to  seize  that  end.  Seizure  is  not  required  at  the  CO 
terminal  end. 

2.3  Measurements  Requiring  Seizure 

1.  VF  insertion  loss 

2.  echo  return  loss  and  singing  return  loss 

3.  VF  longitudinal  balance 

4.  DC  loop  current 

5.  channel  noise 

6.  impulse  noise 

7.  intrasystem  crosstalk 

8.  VF  level  tracking 

9.  noise  measurements  concerning  battery  and  power  supplies 

3.  VF  Insertion  Loss 

3.1  Insertion  loss  is  the  ratio  of  the  power  delivered  to  that  part  of  the 
system  following  the  transducer  to  the  power  delivered  to  that  same  part 

of  the  system  after  insertion  of  the  transducer.  In  our  case,  the  transducer 
is  the  carrier  equipment  and  transmission  line.  Insertion  loss  is  essentially 
a  measure  of  the  attenuation  imposed  on  a  signal  by  a  carrier  system.  (On  a 
transmission  line,  the  insertion  loss  equals  the  attenuation  if  the  impedances 
of  the  sending  and  receiving  terminals  are  equal  and  also  match  the  char- 
acteristic impedance  of  the  transmission  line  connecting  them.  With  carrier 
equipment  at  both  ends  (and  perhaps  along  the  line),  insertion  loss  will  not 
equal  attenuation.)  Since  insertion  loss  is  measured  at  various  frequencies, 
it  is  often  termed  frequency  response. 

3.2  Measurement: 

1.  Access  and  seize  the  channel  as  in  paragraph  2. 

2.  Set  the  transmission  test  set  output  for  the  carrier  manufacturer's 
recommended  test  tone  level  (generally  0  dBm).  If  using  a  separate  oscillator 
and  voltmeter,  calibrate  the  oscillator  for  the  needed  test  tone  level  as  in 
Figure  1.  This  calibration  includes  the  loss  of  the  VF  repeating  coils  at  the 
sending  and  receiving  ends  (approximately  0.5  dB  per  coil  from  300  Hz  up). 
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3.  Connect  the  test  set  to  the  carrier  drop  at  one  terminal  end  as 
shown  in  Figure  3  making  sure  that  the  test  set  output  impedance  matches  that 
of  the  drop.  This  will  be  the  sending  end.  (If  using  an  oscillator  and  VF 
coil,  connect  as  in  Figure  2.) 

4.  Also  connect  another  transmission  test  set  to  the  receiving 
(distant)  end  as  shown  in  Figures  2  and  3.  Again,  be  sure  that  the  receiving 
test  set  (input)  impedance  matches  the  line  impedance. 

5.  Record  the  sending  and  receiving  levels.  The  insertion  loss  is  the 
difference  between  these  two  levels. 

Example  1 .  With  the  sending  level  set  at  0  dBm,  the  test  set  is  receiving 
-3.8  dBm.  The  difference  of  the  two  readings  is,  0  -  (-3.8)  =  3.8  dB.  Thus, 
the  insertion  loss  is  3.8  dS, 

3.3  VF  insertion  loss  measurements  should  be  made  at  1004  Hz  and  at  various 
other  frequencies  throughout  the  voice  range.  If  the  carrier  has  Inband 
Signaling  (i.e.  2600  Hz),  the  frequency  response  cannot  be  accurately  deter- 
mined without  using  special  techniques.  (On  these  systems,  the  use  of  single 
tones  to  make  frequency  response  measurements  will  show  a  notch  in  the 
response  around  the  signaling  frequency.  A  voice  signal  activates  a  guard 
circuit  that  removes  this  notch  --  a  single  tone  will  not.  On  such  systems, 
insertion  loss  is  generally  a  laboratory  measurement.) 

4.  Echo  Return  Loss  and  Singing  Return  Loss 

4.1  Return  loss  is  a  measure  of  impedance  match.  The  difference  (in  dB) 
between  the  applied  signal  and  the  returned  (or  reflected)  signal  is  the 

return  loss.  The  higher  the  return  loss,  the  better  the  impedance  match. 
Echo  return  loss  (ERL)  is  the  composite  return  loss  over  the  echo  range 
(generally  500-2500  Hz;  see  Figure  4)  when  the  two-wire  voice  frequency 
impedance  of  a  carrier  channel  is  compared  to  some  standard  impedance  (such  as 
600  ohms  in  series  with  2  F).  A  hybrid  coil  (see  Figure  6B)  is  usually  used 
to  compare  two  impedances  in  determining  the  ERL. 

4.2  Singing  return  loss  (SRL)  is  the  lowest  value  of  return  loss  between 
some  standard  impedance  and  the  input  impedance  of  the  two-wire  voice 

drop  of  a  carrier  channel  within  a  specified  frequency  range.  Singing  return 
loss  is  measured  in  two  frequency  bands— low  and  high  (generally  250-500  Hz 
and  2500-3200  Hz;  see  Figure  4).  Singing  return  loss  is  an  actual  measure  of 
return  loss,  not  to  be  confused  with  the  singing  of  the  channel  being 
measured.  Singing  return  loss  has  replaced  singing  point  as  the  measurement 
technique  to  determine  impedance  (or  return  loss)  at  the  voice  frequency 
passband  edges.  Singing  return  loss  (using  noise)  is  easier  to  measure,  and 
yields  more  repeatable  results  than  singing  point. 

4.3  ERL  and  SRL  measurements  are  made  by  transmitting  bandlimited  noise  of 
known  energy  and  measuring  the  energy  reflected  back  to  the  transmitter 

(or  receiver  for  a  four-wire  measurement). 
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Some  manufacturers  provide  equipment  specifically  to  measure  ERL  and  SRL 
(Wiltron  s  TMS  9601  or  Bowmar's  481),  These  instruments  have  built-in 

impedance  matching  networks  and  also  include  built-in  hybrid  and  termination 

networks. 

4.5  Echo  return  loss  and  singinq  return  loss  measurements  are  made  from  the 
^°  L^^"  fl^/^^^r?  ^  ?^^ice)  on  toll  connecting  trunks  terminating  at 

the  end  office  (Class  5).  (This  Implies  that  the  measurements  would  always  be 
made  at  a  600  ohm  office.  However,  where  carrier  equipment  is  used  to  make  up 
only  part  of  the  toll  connecting  trunk,  both  ends  of  1t  may  have  900  ohm  ter- 
minals. So  to  ensure  that  carrier  equipment  in  this  application  does  not 
degrade  the  overall  toll  connecting  trunk  performance,  ERL  and  SRL  measure- 
ments are  sometimes  made  on  900  ohm  equipment.) 

4.6  The  following  procedures  outline  the  methods  for  measuring  ERL  and  SRL 
of  the  carrier  terminal  only;  it  may  be  necessary  to  follow  a  similar 

procedure  to  include  the  central  office  equipment.  Two  methods  for  deter- 
mining ERL  are  presented.  The  first  ERL  measurement  procedure  describes 
testing  with  a  modern  (Bowmar  or  Wiltron  or  equivalent)  test  set,  the  second 
uses  a  noise  generator,  noise  measuring  set,  hybrid  coil,  and  termination  net- 
work; the  SRL  measurement  procedure  Is  described  only  for  a  modern  test  set.  - 

4.7  ERL  Measurement: 

4.7.1  Modern  Test  Set  Procedure 

1.  Access  and  seize  the  channel  as  in  paragraph  2. 

2.  Terminate  the  distant  end  as  1n  paragraph  2. 

3.  Connect  the  test  set  at  the  two-wire  drop  (using  the  correct 
impedance)  as  in  Figure  5.  For  four-wire  circuits,  connect  the  four  wires  as 
directed  by  the  manufacturer. 

4.  Set  the  measure  control  to  return  loss  and  the  send  control  to  ERL 
and  read  the  display.  This  value  is  the  ERL. 

4.7.2  Noise  generator  and  hybrid  coil  method 

1.  Preliminary  Calibration:  When  making  ERL  measurements,  the  signal 
level  at  the  carrier  two-wire  drop  should  be  approximately  equal  to  the  manu- 
facturer's recommended  test  tone  level.  The  average  coil  hybrid  exhibits 
about  7  dB  loss  from  the  oscillator  terminals  to  the  voltmeter  terminals  (See 
Figure  6A).  Therefore,  for  zero  dBm  at  the  carrier  terminals  the  noise  gen- 
erator should  be  set  for  approximately  +4  dSm  output  (band-weighted  according 
to  carrier  manufacturer's  Instructions).  As  shown  1n  Figure  6A,  this  will  be 
approximately  +0.5  dBm  at  the  line  terminals  of  the  hybrid.  If  using  a  noise 
measuring  set  with  a  built-in  hybrid,  adjust  the  noise  generator  accordingly 
for  approximately  zero  dBm  at  the  carrier  terminals. 


REA  TE&CM  925 
Page  6 


2.  ERL  Reference:  In  making  ERL  measurements,  the  first  measurement  is  a 
reference.  This  takes  into  account  the  Iosl  of  the  test  hybrid.  When  making 
many  ERL  measurements,  the  reference  is  taken  initially  and  may  be  checked 
from  time  to  time.  It  is  not  necessary  to  take  a  reference  for  each  ERL 
measurement. 

3.  Referring  to  Figure  7,  record  the  reading  from  the  noise  measuring  set 
(NMS)  (600  ohm  noise-metallic  C-message  weighted)  with  the  hybrid  line 
terminals  open  and  again  with  the  line  terminals  shorted.  The  average  of  the 
two  readings  is  the  reference. 

4.  Connect  the  test  hybrid  (or  appropriate  NMS)  line  terminals  to  the 
carrier  two-wire  terminals  at  the  toll  center  (Figure  8). 

5.  Read  and  record  the  value  shown  on  the  NMS. 

6.  Subtract  the  reference  (step  3)  from  this  reading  to  get  the  ERL 
(in  dB). 

Example  1.  Suppose  the  NMS  reading  in  the  above  paragraph  was  59  dBrnC.  With 
a  reference  level  of  87  dBrnC  (from  the  reference  measurement),  ERL  =  87-59  = 
28  dB. 

4.8  SRL  Measurement: 

1.  Access  and  seize  the  channel  as  in  paragraph  2. 

2.  Terminate  the  distant  end  as  in  paragraph  2. 

3.  Set  the  output  level  for  SRL  (low)  and  connect  the  line  terminals 
to  the  measuring-input  terminals  on  the  test  set. 

4.  Set  the  send  control  to  SRL  (low)  and  the  measure  (or  receive) 
control  to  return  loss. 

5.  Record  the  display  value  as  SRL  (low).  (See  Figure  4.) 

6.  Repeat  the  measurement  with  the  SRL  output  on  the  opposite  setting 
(SRL  high). 

5.  VF  Longitudinal  Balance 

5.1  Longitudinal  balance  is  the  ratio  of  the  disturbing  longitudinal 
voltage  to  the  measured  metallic  voltage  for  the  network  under  test. 

Longitudinal  voltage  is  the  voltage  common  to  all  conductors  of  a  group  (one- 
wire--usually  measured  to  ground  from  tip  or  ring),  and  metallic  voltage  is 
the  voltage  across  a  metallic  circuit  (parallel--tip  to  ring).  Longitudinal 
balance  is  the  measurement  of  the  ability  of  a  circuit  to  reject  common-mode 
signals. 

5.2  Several  test  circuits  and  procedures  have  been  developed  by  different 
segments  of  the  telecorrmunications  industry.  Most  of  these  refer  to 

IEEE  Standard  455-1976,  which  was  developed  for  passive  devices  in  the  voice- 
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band.  Some  manufacturers  offer  longitudinal  balance  test  sets  specifically 
for  this  measurement.  The  method  for  measuring  longitudinal  balance  will 
depend  on  the  test  set  used.  The  procedure  described  below  does  not  discuss 
calibration  or  specific  details.  This  is  covered  by  the  test  equipment 
manufacturer. 

5.3  Measurement: 

1.  Access  and  seize  the  channel  as  in  paragraph  2. 

2.  Calibrate  the  test  set  according  to  manufacturer's  instructions. 

3.  Connect  the  equipment  to  the  two-wire  drop  at  the  subscriber  ter- 
minal according  to  the  test  equipment  manufacturer's  instructions.  Also 
connect  the  longitudinal  balance  test  set's  companion  termination  unit  to  the 
distant  (CO)  end.  See  Figure  9. 

4.  Activate  the  test  set  and  read  and  record  the  value  of  longitudinal 
balance.  The  test  set  (if  made  to  IEEE  Standard  455-1976)  may  be  similar  to 
Figure  10.  Longitudinal  balance  =  10  log  (V^/V^j^). 

5.  Repeat  the  measurement  at  the  CO  terminal. 

6.  D.C.  Loop  Current 

6.1  The  DC  loop  current  (at  the  voice  drop)  represents  the  current  into  the 
telephone  loop.  This  measurement  is  usually  made  with  various  values  of 

resistance  representing  the  minimum  to  maximum  range  of  resistance  (outside 
plant  and  telephone  set). 

6.2  Measurement: 

1.  Access  as  shown  in  Figure  11  and  seize  the  channel  as  in  paragraph  2. 

2.  With  the  channel  seized  and  the  ammeter  set  up  as  shown  in  Figure  11, 
measure  and  record  the  DC  current. 

3.  Repeat  the  measurement  using  different  values  of  resistance  and 
cover  a  range  of  values,  including  the  maximum  loop  resistance  specified  by 
the  carrier  equipment  manufacturer. 

7.  Channel  Noise 

7.1  Channel  noise  is  a  measure  of  the  noise  on  a  channel  when  the  channel  is 
connected  but  no  conversation  is  taking  place.  This  is  also  referred  to 

as  message  circuit  noise  or  circuit  noise.  The  measurement  indicates  the 
quality  of  the  circuit  by  measuring  the  ambient  noise  of  the  electronic 
circuitry  plus  the  coupling  from  other  voice  and  carrier  frequency  paths. 

7.2  Access  to  the  carrier  channel,  seizure  of  the  channel  (because  of 
signaling),  and  proper  adjustment  of  the  recorded  data  are  items  that 

require  close  attention.  The  noise  measuring  set  (NMS)  (often  combined  with 
other  measuring  instruments  in  a  common  test  set)  should  have  a  C-message 
filter. 
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7.3  Access: 

7.3.1  At  the  measuring  end,  the  carrier  channel  may  be  accessed  at  either 
the  carrier  two-wire  drop  or  the  carrier  demodulator  (see  Figure  12). 
With  proper  adjustment  of  the  data  (because  of  level  differences),  measure- 
ments should  yield  the  same  results  at  both  points.  Access  to  the  four-wire 
connections  is  not  always  available  in  some  carrier  systems.  It  is  usually 
easiest  to  access  the  two-wire  connections.  At  the  distant  end,  the  channel 
should  be  accessed  at  the  two-wire  drop  and  terminated  (as  in  paragraph  2). 
Make  sure  that  the  central  office  equipment  is  disconnected  at  both  ends. 
Seize  the  channel  as  in  paragraph  2.  Omit  the  2  F  capacitor  and  resistor  and 
use  a  holding  coil  (that  does  not  exceed  the  stated  maximum  loop  resistance) 
if  the  outgoing  loop  dial  end  is  to  be  terminated  rather  than  measured. 

7.4  Measurement: 

1.  If  the  NMS  has  a  calibration  adjustment,  calibrate  as  indicated. 

2.  Set  the  NMS  for  900  ohms  (or  600  ohms  at  toll  center  or  if  measured 
at  carrier  demodulator),  noise-balanced  (metallic),  C-message  weighted. 

3.  Measure  the  channel  noise  on  each  channel  as  shown  in  Figure  12  and 
record  the  data  in  dBrnC. 

7.5  Data  Adjustment: 

The  data  recorded  in  the  previous  paragraph  (although  valid)  has  little 
significance  until  properly  adjusted.  Requirements  for  noise  on  a  carrier- 
channel  are  specified  with  reference  to  the  sending  end  or  zero  transmission 
level  point  (0  TLP).  The  noise  is  specified  in  terms  of  dBrnC  0,  with  the  0 
being  referred  to  the  sending  end  or  0  TLP.  If  the  channel  is  aligned  for 
X  dB  net  loss,  and  the  noise  is  read  at  the  two  wire  drop,  X  dB  must  be  added 
to  the  reading  obtained  in  the  previous  paragraph  to  get  dBrnC  0.  However,  if 
the  noise  were  read  at  the  carrier  demodulator  (Figure  12),  this  is  likely  to 
be  Y  dB  higher  (+Y  point)  than  the  sending  end  (the  demodulator  output  level 
is  usually  approximately  7  dBm).  In  this  case,  Y  dB  must  be  subtracted  from 
the  dBrnC  reading  to  get  dBrnC  0.  Four-wire  connections  are  often  not 
accessible  in  digital  systems.  If  not,  the  dB  loss  for  which  the  channel  is 
aligned  is  the  only  adjustment  needed.  See  the  manufacturer's  specifications 
for  the  dB  adjustment  factor  to  be  used  if  the  four-wire  connection  is 
available  and  is  accessed. 

Example  1.  The  noise  measured  (as  above)  at  the  two-wire  drop  terminals  of  a 
carrier  channel  is  18  dBrnc.  The  circuit  is  aligned  for  3  dB  loss  from  drop 
to  drop.  The  noise  is  thus,  18  +  3  =  21  dBrnC  0. 

Example  2.  The  same  channel  as  in  Example  1  was  measured  at  the  carrier 
demodulator  and  a  reading  of  28  dBrnC  was  obtained.  According  to  the  manu- 
facturer, this  point  is  7  dB  higher  than  the  sending  end  so  the  resultant 
noise  is  28  -  7  =  21  dBrnC  0.  This  is  identical  to  the  adjusted  noise  of 
Example  1. 
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8.  Impulse  Noise 

8.1  Impulse  noise  is  characterized  by  transient  disturbances  (impulses) 
separated  in  time  by  quiescent  intervals.  In  digital  systems  trans- 
mitting voice  or  data,  these  measurements  can  be  ^ery   important  if  large 
amplitude,  short  duration  pulses  are  present.  Impulse  noise  measurements  are 
different  from  channel  noise  measurements  in  that  the  Instrument  used  for 
measuring  is  a  counter—it  counts  the  number  of  transient  high-amplitude 
pulses  exceeding  a  specified  reference  value  (or  values). 

8.2  Access: 

8.2.1  At  the  measuring  end,  the  carrier  channel  may  be  accessed  at  either 
the  carrier  two-wire  drop  or  the  carrier  demodulator  (Figure  13). 

With  proper  adjustment  of  the  impulse  noise  counter  (because  of  differences  in 
levels),  measurements  should  yield  the  same  results  at  both  points.  Many 
digital  PCM  carrier  systems  do  not  make  available  access  to  their  four-wire 
connections  so  it  is  usually  easiest  to  access  the  two-wire  drop. 

8.2.2  At  the  distant  end,  the  channel  should  be  accessed  at  the  two-wire 
drop  and  terminated  (as  in  paragraph  2).  Make  sure  that  the  central 

office  is  disconnected  at  both  ends.  Seize  the  channel  as  in  paragraph  2. 
(Omit  the  2  F  capacitor  and  resistor  and  substitute  a  holding  coil  if  the 
outgoing  loop  dial  end  is  to  be  terminated  rather  than  measured.) 

8.2.3  On  many  facilities,  impulse  noise  measurements  must  be  made  with  a 
holding  tone  on.  This  tone  is  nominally  1  kHz  (usually  1004  Hz)  and 

is  applied  at  the  two-wire  drop  of  the  sending,  or  distant  end.  When  using  a 
holding  tone,  an  impulse  noise  counter  with  a  notch  filter  (at  the  nominal 
1  kHz)  must  be  used.  See  the  carrier  equipment  manufacturer's  instructions  to 
determine  whether  or  not  a  holding  tone  is  needed,  and  the  level  of  this  tone. 

8.3  Measurement: 

8.3.1  Unlike  channel  noise  measurements  where  the  data  is  adjusted  after  the 
measurements  are  taken,  the  impulse  noise  counter  must  be  adjusted  to 

the  zero  transmission  level  point  (0  TIP)  before  measuring.  If  the  impulse 
noise  is  measured  at  the  two-wire  drop,  the  reference  level  dials  should  be 
reduced  by  the  amount  of  the  circuit  net  loss  (drop  to  drop)  at  1^00  Hz.  The 
1700  Hz  loss  may  be  denoted  by  the  average  loss  between  1000  and  2300  Hz.  it 
the  impulse  noise  is  measured  at  the  demodulator  of  the  analog  carrier 
channel,  set  the  reference  dials  7  dB  higher  than  the  impulse  noise  require- 
ments (assuming  the  demodulator  level  is  7  dB  higher  than  the  sending-end 
level).  If  accessing  the  receive  terminals  of  the  four-wire  connection  in  a 
digital  PCM  channel  bank,  refer  to  the  manufacturer's  specifications  for  the 
set  output  level.  This  level  will  determine  where  to  set  the  reference  levei 
dials. 

8.3.2  The  noise  is  measured  in  terms  of  X  counts  in  Y  minutes  above  Z 
reference  level  (at  0  TL.P).  One  of  the  most  comsnon  objectives  js  ^or 

toll  connecting  trunks.  One  objective  is  no  more  than  15  counts  above  Z  in  ib 
minutes  during  the  busy  hour.  Make  sure  to  know  the  requirement  for  the 
facility  under  test. 
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8.3.4  Most  counters  have  3  or  4  registers  in  them.  These  can  be  set  at  the 
objective  and  also  at  several  dB  above  and  below  the  objective  to 

determine  a  range  of  the  impulse  amplitudes. 

8.3.5  To  measure  impulse  noise,  proceed  as  follows: 

1.  Connect  the  line  terminals  of  the  counter  to  the  carrier  two-wire 
drop  (or  demodulator  or  four-wire  receive  terminals  in  a  digital  system). 

2.  If  on  a  system  where  a  holding  tone  is  necessary,  connect  an 
oscillator  (set  at  1004  Hz)  to  the  two-wire  drop  of  the  distant  end  and  set 
the  level  according  to  the  carrier  equipment  manufacturer's  instructions, 

3.  Select  the  weighting  (usually  C-message).  Switch  in  the  notch 
filter  if  using  a  holding  tone. 

4.  Select  reference  levels. 

5.  Select  the  counting  time. 

6.  Set  the  counters  to  zero.  See  Figure  13. 

7.  After  waiting  the  required  time,  record  the  readings. 

Example  1.  A  compandored  trunk  is  aligned  for  3.0  dB  net  loss  at  1004  Hz  (and 
is  also  approximately  3.0  dB  at  1700  and  2300  Hz)  and  is  being  checked  to  see 
if  it  meets  impulse  noise  objectives.  Our  objective  is  no  more  than  15  counts 
in  15  minutes  during  the  busy  hour  above  44  dBrnC  0  (for  example),  C-message 
weighted.  This  would  make  the  reference  level  44-3  (net  loss)  =  41  dB.  The 
main  reference  level  is  set  for  30  dBrnC  and  incremental  levels  A,  B,  and  C 
are  set  for  5,  11,  and  17  respectively.  This  checks  the  impulses  6  dB  above 
(C=47)  and  below  (A=35)  the  requirement,  as  well  as  the  requirement  itself 
(B  =  41  dBrnC).  The  filter  is  set  for  C-message  weighting,  time  for  15 
minutes  and  last,  the  counters  (displays)  are  set  to  zero.  After  15  minutes, 
A=140,  B=30,  and  C=17.  This  means  that  there  were  B  =  30  counts  that  exceeded 
the  44  dBrnc  0  level  objective.  This  circuit  will  not  meet  the  specified 
impulse  noise  objectives. 

9.  Intrasystem  Crosstalk 

9.1  Crosstalk  is  undesired  energy  appearing  in  one  signal  path  as  a  result 
of  coupling  from  other  signal  paths.  Crosstalk  is  expressed  in  dB.  To 
be  completely  accurate,  the  terms  crosstalk  coupling  and  crosstalk  loss  should 
be  used  instead  of  only  crosstalk.  Crosstalk  coupling  is  the  dB  difference 
between  the  disturbed  circuit  level  and  the  disturbing  circuit  level 
(originating  or  intended  signal).  This  should  be  small  (large  magnitude 
negative  value).  Crosstalk  loss  is  just  the  opposite--the  difference  in  dB 
between  the  disturbing  circuit  level  and  the  disturbed  circuit  level.  This  is 


desired  to  be  large.  The  circuits  referred  to 
on  carrier  equipment.  Crosstalk  loss  is  equal 
coupling  but  opposite  in  sign.  Crosstalk  loss 
reduces  the  use  of  negative  signs.  Henceforth 
crosstalk  will  be  used  to  mean  crosstalk  loss. 


will  likely  be  different  paths 
in  magnitude  to  crosstalk 
is  more  often  used  since  this 
in  this  section,  the  term 


) 
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9.2  The  terms  intrasystem  crosstalk  and  intersystem  crosstalk  are  often 
discussed  in  telecommunications  testing.  Since  intersystem  crosstalk 

usually  concerns  crosstalk  between  cables  (outside  plant),  only  intrasystem 
crosstalk  is  addressed  here.  Intrasystem  crosstalk  is  a  function  of  equipment 
design,  but  also  takes  into  account  the  noise  coupled  from  various  paths  in 
the  system. 

Example  1.  Looking  at  Figure  14,  the  noise  generator  output  level  is  set  at 
0  dBm.  The  near-end  NMS  measures  -72  dBm  and  the  far-end  NMS  measures  -80 
dBm.  If  the  insertion  loss  (IL)  is  known,  just  subtract  this  from  the  trans- 
mitted level  to  get  the  far-end  reference  level.  If  the  insertion  loss  isn't 
known,  it  must  be  measured  (see  paragraph  3).  Say  IL  =  3  dB.  Then  far-end 
and  near-end  crosstalk  loss  are  determined  as  follows: 

far-end  crosstalk  loss  =  far-end  reference  level  -  far-end  NHS  reading 

=  -3  dB  (=  transmitted  -  IL)  -  (-80  dBm) 
=  77  dB 

near-end  crosstalk  loss  =  transmitted  level  -  near-end  NMS  reading 

=  0  dBm  -  (-72  dBm) 
=  72  dB 

9.3  Access: 

9.3.1  It  is  advantageous  to  have  a  noise  generator  and  a  noise  measuring  set 
at  both  the  CO  terminal  and  subscriber  terminal.  Access  and  seize  the 
channel  as  in  paragraph  2. 

9.4  Crosstalk  Loss  Measurement: 

1.  Referring  to  Figure  14,  connect  the  noise  generator  and  noise 
measuring  sets  as  indicated.  (There  is  no  need  to  disturb  the  other  channels 
that  are  in  service.) 

2.  With  the  noise  generator  output  level  set  at  0  dBm  and  the  NMS's  set 
for  C-message  weighting  (and  their  hold  coils  switched  in),  record  the  cross- 
talk loss  values  from  the  NMS's. 


end. 


3.  Repeat  the  measurements  with  the  noise  generator  at  the  subscriber 


4.  Repeat  the  measurements  for  all  channels  and  then  connect  the  noise 
generator  to  another  channel  to  allow  it  to  act  as  the  new  disturbing  circuit, 

10.  VF  Level  Tracking 

10.1  When  measuring  VF  level  tracking,  it  is  necessary  to  measure  in  both 

directions--CO  to  subscriber  and  subscriber  to  CO.  The  VF  level 
tracking  error  determines  the  compandor's  compression  and  expansion  tracking 
match  over  the  speech  range.  A  compandor  with  a  significant  tracking  error 
will  introduce  distortion.  This  measurement  also  may  be  used  to  check  any 
nonlinearity  in  the  voice  frequency  levels. 
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10.2  Measurement: 


1.  Access  and  seize  the  channel  as  in  paragraph  2. 


2.  With  the  channel  seized  as  in  Figure  2,  a  reference  measurement  must  be 
taken  if  the  circuit  net  loss  is  as  yet  unknown.  If  it  is  known  from  instal- 
lation data  or  a  previous  measurement  (such  as  in  paragraph  3  "Voice  Frequency 
Insertion  Loss"),  this  reference  may  not  be  taken  but  should  be  verified  if 
possible. 

The  reference  is  determined  by  sending  0  dBm  (or  the  level  specified  by  the 
carrier  equipment  manufacturer)  and  recording  the  received  level.  Send  at 
1004  Hz.  This  level  is  taken  to  be  the  circuit  net  loss.  This  loss  is  due  to 
the  carrier  equipment  exclusive  of  the  compandor  since  the  compandor  does  no 
compressing  or  expanding  of  a  0  dBm  level  signal  (or  the  specified  level). 

3.  For  all  succeeding  level  data  points,  reduce  the  reference  level  dial 
by  the  net  loss  amount.  If  the  exact  amount  is  not  available  on  the  level 
meter  dial,  use  the  closest  value  and  adjust  calculations  accordingly  (see 
example  following) . 

4.  After  the  circuit  net  loss  is  calculated,  lower  the  input  level  in 
steps  of  a  few  dS  at  a  time  and  record  the  received  levels.  The  VF  level 
tracking  error  is  the  difference  between  the  sent  level,  and  th^  received 
level  adjusted  by  the  net  loss. 

Example  1.  On  a  particular  analog  carrier  system,  it  is  known  (or  measured) 
that  the  trunk  is  aligned  for  a  3  dS  net  loss.  On  the  test  set  used,  levels 
can  only  be  adjusted  in  steps  of  5  dS,  so  the  receiver  reference  dial  is  left 
at  0  dB.  As  one  data  point,  the  level  transmitted  is  -2  dBm  and  the  level 
received  is  -5.4  dBm.  First  adjust  the  received  level,  -5.4  dBm  +  3  dB  (net 
loss)  =  -2.4  dBm.  Next,  calculate  the  VF  level  tracking  error.  (VF  level 
tracking  error  =  VFLTE) 

VFLTE  =  adjusted  received  level  -  transmitted  level 
=  -2.4  dBm  -  (-2  dBm) 
=  -0.4  dB 

11.  Noise  Measurements  Concerning  Battery  and  Power  Supplies 

11.1  These  measurements  reflect  the  amount  of  noise  coupled  from  the  battery 
and  power  supply  systems  to  the  carrier  system.  Many  devices  are  con- 
nected to  a  power  board,  which  is  connected  to  the  CO  battery.  (The  battery 
acts  as  a  large  filter  capacitor.)  One  of  these  measurements  determines  noise 
at  the  connection  point  (power  board).  This  noise  is  generated  by  various 
devices  in  the  CO,  and  is  transmitted  through  a  common  power  lead.  The  other 
measurement  determines  channel  noise  introduced  into  the  carrier  system  by 
these  various  devices.  The  measurements  described  are  just  guidelines;  it 
will  probably  be  necessary  to  adapt  the  set-ups  to  the  particular  powering 
system  under  test. 
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11.2  Connection  Point  Noise 


11.2.1  This  test  simply  measures  the  noise  at  the  power  board.  Some  experi- 
mentation with  resistor  values  and  connections  may  be  needed  to 
determine  the  best  configuration  of  equipment. 

11.2.1  Measurement: 

1.  With  all  channels  idle,  connect  the  noise  measuring  set  as  in  Figure  15. 
Set  it  for  C-message  weighting. 

2.  Measure  and  record  the  noise  values  (in  dBrnC)  from  the  noise  measuring 
set. 

3.  Repeat  this  measurement  with  channels  in  operation,  going  off-hook, 
dialing,  and  ringing.  Also  repeat  the  measurement  using  a  3  kHz  flat 
weighting. 

11.3  Channel  Noise  from  CO  Noise 

11.3.1  This  measurement  depends  greatly  on  the  physical  configuration  of  the 
battery,  leads,  and  power  supply,  so  again,  experimentation  with  the 
test  set-up  (noise  source,  impedance  of  power  leads)  may  be  needed. 

11.4  Measurement: 

1.  Access  and  seize  the  channel  as  in  paragraph  2. 

2.  Connect  the  noise  measuring  sets  and  noise  generator  as  in  Figure  16. 
Set  the  impedances  of  the  noise  measuring  sets  to  match  the  line  impedances 
and  the  noise  generator  to  its  low  impedance  setting. 

3.  Adjust  the  noise  generator  output  so  that  at  point  A  in  Figure  16  the 
noise  is  approximately  60  dBrnC. 

4.  Measure  and  record  the  channel  noise  read  from  the  noise  measuring 
sets.  For  reference,  a  measurement  taken  without  the  noise  generator  may  be 
useful . 

12.  Pulse  Signaling 

12.1  Pulse  signaling  measurements  are  made  to  determine  the  accuracy  of  the 
equipment  under  test  when  dialing  is  done.  Trunk  carrier  terminals  are 
equipped  with  either  E&M  or  loop  dial  signaling.  Following  are  some  notes  on 
these  configurations. 

12.1.1  E&M:  Carrier  terminals  employing  E&M  signaling  at  both  ends  are 

generally  two-way  trunks  and  usually  must  be  checked  in  both 
directions. 
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12.1.2  Loop  dial:  If  both  carrier  terminals  have  loop  dial  signaling,  one 
end  is  outgoing  loop  dial  (sending  end)  and  the  other  is  incoming 

loop  dial  {receiving  end)  for  signaling  in  one  direction  only.  Two-way  loop 
dial  signaling  is  not  used  on  carrier  trunks. 

12.1.3  E&M  and  Loop  dial:  This  combination  consists  of  outgoing  or  incoming 
loop  dial  signaling  at  one  end  and  E&M  signaling  at  the  receive 

end.  This  restricts  signaling  to  one  direction  only. 

12.1.4  Subscriber  Carrier:  Subscriber  carrier  can  only  be  dialed  in 
one  way--from  the  subscriber  terminal  to  the  CO  terminal.  In 

checking  pulsing,  it  is  the  same  as  one-way  loop  dial  signaling  on  trunks, 

12.2  Access: 

12.2.1  E&M:  At  the  sending  end,  access  the  carrier  "M"  lead;  at  the 
receiving  end,  access  the  carrier  "E"  lead.  These  points  must  be 

disconnected  from  the  COE. 

12.2.2  Loop  dial  and  Subscriber  Carrier:  Access  the  two-wire  drop  for  both 
sending  and  receiving  pulses, 

12.3  Measurement: 

12.3.1  The  pulsing  test  set  must  be  capable  of  generating  at  least  12 
pulses  per  second  (pps)and  receiving  pulses  over  a  range  of  7.5  to 

12  pps.  The  test  set  should  measure  pulse  ratios  in  the  range  of  30  to  70 
percent  break  {%   BRK)  and  generate  pulse  ratios  at  60%  BRK.  If  the  carrier 
equipment  manufacturer  requires  the  equipment  to  send  and  receive  at  other 
pulse  ratios,  the  pulsing  test  set  should  accomodate  them.  The  test  set 
should  be  equipped  to  measure  both  E&M  and  loop  dial  signaling.  The  received 
pulses  must  be  read  across  "dry"  contacts  (contacts  that  do  not  make  or  break 
current).  With  "wet"  contacts,  a  slave  relay  (or  meter  relay,  or  A-relay)  must 
be  used.  The  test  set  must  employ  a  low  impedance  receiver  containing  the 
equivalent  of  an  A-relay  or  slave  relay  for  loop  dial  pulsing  tests.  High 
impedance  receivers  in  some  older  test  equipment  may  cause  erroneous  readings 
unless  they  are  modified  to  include  an  A-relay  or  slave  relay. 

12.3.2  E&M: 

1.  Adjust  the  test  sets  at  each  end  for  E&M  signaling. 

2.  With  an  off-hook  at  the  distant  (sending)  end,  calibrate  the 
receiving  test  set  (Figure  17). 

3.  Connect  the  sending  test  set  and  send  10  pps  at  60%  BRK  on  the  "M" 
lead  as  shown  in  Figure  18.  Read  and  record  the  received  percent  break. 

4.  Send  at  other  speeds  and  percent  break  as  required  by  the  carrier 
equipment  specification.  Where  inband  signaling  is  used,  special  attention 
should  be  given  to  the  pulsing  limits  of  the  signaling  units  under  test. 
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12.3.3  Loop  Dial  and  Subscriber  Carrier: 

1.  Adjust  the  test  sets  at  each  end  for  loop  signaling.  A  low  impedance 
receiver  must  be  used  for  loop  dial  and  subscriber  carrier  pulsing  tests. 

2.  With  an  off-hook  at  the  distant  (sending)  end,  calibrate  the 
receiving  test  set. 

3.  Connect  the  sending  test  set  and  send  10  pps  at  60%  BRK.  Apply  the 
pulses  under  the  following  three  conditions:  1)  direct  from  the  pulser 
(Figure  19);  2)  through  loop  (Figure  20);  and  3)  through  "A"  leak  (Figure 
21).  These  conditions  can  usually  be  switched  in  on  modern  pulsing  test 
sets.  (Loop  and  "A"  leak  are  described  below.) 


set. 


4.  Read  and  record  the  received  percent  break  from  the  receiving  test 


12.4 


Loop  and  "A"  leak  tests  as  applied  to  loop  dial  signaling:  The  loop 
network  represents  the  longest  loop  resistance  that  the  carrier  sig- 
naling is  likely  to  encounter.  For  loop  dial  signaling,  this  is  1900  ohms; 
for  subscriber  carrier,  it  is  the  manufacturer's  specified  loop  resistance 
limit.  The  "A"  leak  network  represents  5  ringers  bridged  across  the  loop  with 
high  leakage  (15,000  ohms  on  the  line  and  drop  wire).  An  "A"  leak  network  is 
shown  in  Figure  22. 

12.4.1  Loop  and  "A"  leak  tests  are  used  to  test  the  carrier  signaling  under 
limiting  conditions.  Pulses  sent  at  60%  BRK  at  10  pps  through  loop 
and  across  the  "A"  leak  network  must  be  received  within  the  range  of  50  to  70 
percent  break. 

13.  Ringing  Voltage 

13.1  This  measurement  is  made  to  determine  if  a  system  is  providing  the 
proper  voltage  to  power  a  telephone  ringer.  There  are  single  frequency 

(usually  20  Hz)  straight  line  ringers  usually  used  for  single  party  service 
and  frequency  selective  ringers  usually  used  for  multiparty  service  (16-66 
Hz).  The  particular  voltage  needed  may  vary  between  ringers. 

13.2  Measurement: 

Regardless  of  the  type  of  ringing,  it  must  be  known  where  the  ringing  voltage 
is  applied  (tip-to-ring  bridged,  usually). 

1.  Access  these  leads. 

2.  Connect  the  voltmeter  (or  test  set). 

3.  Apply  the  necessary  ringing  signal  to  the  central  office  terminal 
channel  voice  drop.  For  in-service  equipment,  the  subscriber's  number  may  be 
dialed  to  initiate  ringing. 

4.  Measure  the  voltage  applied  to  the  ringer. 
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13.3  An  "A"  leak  network  was  formerly  used  to  simulate  5  ringers  bridged 
across  the  loop  with  high  leakage.  A  more  representative  load  for  5 
bridged  straight  line  ringers  would  be  1600  ohms  coupled  with  a  50  F 
nonpolarized  capacitor.  Connect  this  load  to  the  ringing  leads  and  then 
measure  the  ringing  voltage. 

14.  Carrier  Frequency  Levels 

14.1  This  measurement  is  simply  the  determination  of  levels  at  various 
carrier  frequencies.  It  may  indicate  the  presence  of  an  existing  or 

potential  problem  in  a  system's  carrier  frequency  operation.  In  fact,  with 
the  reliability  and  accuracy  of  present-day  carrier  equipment,  carrier  fre-_ 
quency  levels  are  usually  only  measured  when  a  problem  is  suspected.  This  is 
a  test  for  analog  carrier  systems. 

14.2  Since  this  is  a  carrier  frequency  measurement,  access  must  be  made  to 
the  carrier  frequency  terminals  of  the  CO.  If  on  a  repeatered  system, 

levels  can  also  be  measured  at  the  inputs  and  outputs  of  repeaters  to  help 
ascertain  their  performance.  This  measurement  can  be  made  on  in-service 
equipment  and  can  also  be  made  at  the  central  office  terminal  using  an 
artificial  line  and  termination  unit, 

14.3  Measurement: 

14.3.1  Levels  can  be  measured  with  a  frequency  selective  voltmeter  (FSVM), 
transmission  test  set,  or  similar  carrier  test  set.  The  equipment 

must  operate  in  a  bridging  mode  (have  high  (about  5000  ohms)  input  impedance) 
so  as  not  to  alter  the  line  impedance. 

14.3.2  The  measurement  procedures  for  the  two  methods  (on  in-service 
equipment  and  using  an  artificial  line  at  the  CO)  are  identical 

except  that  the  artifical  line  measurements  are  made  at  the  CO  only. 

1.  For  both  methods,  seize  the  channel  as  in  paragraph  1.     Refer  to  the 
appropriate  figures  for  each  method  (Figure  23  for  the  artificial  line  method 
and  Figure  24  for  the  in-service  equipment  method). 

2.  With  the  channel  seized,  activate  and  position  the  level  meter  at  the 
point  closest  to  the  CO  terminal.  Also  set  the  meter  to  the  correct  fre- 
quency, as  indicated  by  the  carrier  equipment  manufacturer. 

3.  Read  and  record  the  level  indicated  on  the  meter  when  transmitting 
from  CO  to  subscriber,  and  then  from  subscriber  to  CO.  Make  sure  to  reconnect 
the  meter  to  the  corresponding  pair  transmitting  in  the  reverse  direction. 
Also  be  sure  to  be  on  the  correct  frequency. 

4.  Repeat  the  level  measurements  for  all  channels  and  then  measure  at  a 
different  distance,  placing  the  meter  at  increasing  distances  from  the  CO 
terminal. 

14.3.3  On  a  longer  system  where  repeaters  are  used  (see  Figure  24)  these 
level  measurements  can  supplement  conventional  repeater  tests. 
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15.  Digital  High  Frequency  Measurements 


15.1  With  the  proliferation  of  digital  transmission  techniques  in  telecom- 
munications, many  varied  measurements  for  testing  digital  system 
quality  have  been  proposed.  Along  with  some  standard  measurements,  done  as  on 
analog  systems,  there  have  been  some  measurements  unique  to  certain  manu- 
facturers (Sierra's  crosstalk  margin  and  S/N  margin  for  example).  Most  of 
these  measurements  are  similar  and  most  give  an  indication  of  a  system's  S/N 
ratio  or  noise  immunity.  Some  may  be  for  cable  spans  and  equipment.  Each 
manufacturer  should  give  an  explanation  of  the  special  measurements,  and  many 
y^ill  give  tables  or  graphs  for  conversion  of  their  special  value  to  a  standard 
transmission  test  term. 

16.  Error  Detection  Measurements 


) 


1 


16.1  As  previously  mentioned,  there  are  a  number  of  measurements  used  to 
check  errors  on  digital  systems.  Since  these  are  usually  variations  of 

the  types  of  test  equipment  themselves  and  not  external  configuration 
differences,  the  set-up  procedures  and  actual  testing  procedures  are  nearly 
identical . 

16.2  Two  of  the  most  common  error  detection  tests  are  bipolar  violations 
count  and  bit  error  rate  (BER).  Bipolar  violations  are  errors  in  the 

alternate  mark  inversion  Tl  coding  scheme.  These  occur  when  two  (or  more) 
pulses  of  like  polarity  are  not  separated  by  a  pulse  of  opposite  polarity  (on 
the  Tl  line). 

16.3  Bit  error  rate  is  a  measure  of  system  performance  that  denotes  the 
ratio  of  the  number  of  characters  of  a  message  incorrectly  received  to 

the  number  of  characters  of  the  message  received.  It  is  usually  expressed  as 
10  to  the  X  power,  X  being  a  negative  number.  The  larger  the  magnitude  of  the 
negative  exponent  X,  the  better  the  performance.  For  example,  10"°,  one  error 
in  one  million  bits,  is  better  than  lO""^,  one  error  in  one  thousand  bits.  The 
actual  number  of  errors  is  of  course  not  always  1^  in  lO'^  but  is  usually 
rounded  off  (by  the  test  equipment)  to  the  nearest  power  of  ten.  For  small 
BER's  (10'^  and  below),  the  BER  is  approximately  equal  to  the  number  of 
bipolar  violations. 

16.4  Other  fairly  common  tests  of  digital  system  quality  are  error-seconds 
and  error-free  seconds.  Error  seconds  is  simply  a  measure  of  the 

number  of  seconds  out  of  the  total  test  time  in  which  errors  (one  or  more) 
were  detected.  Error-free  seconds  is  just  the  opposite  —  the  number  of 
seconds  out  of  the  total  in  which  there  were  no  (zero)  errors. 

16.5  Measurement: 

1.  Connect  the  PCM  error  counter  (or  Error  Performance  Analyzer)  to  the 
four-wire  drop  as  in  Figure  25.  If  measuring  bipolar  violations,  error- 
seconds,  or  error-free  seconds,  only  one  test  counter  is  used  and  it  can  be 
bridged  at  the  receive  pair  of  the  four-wire  terminals.  If  the  BER  is  being 
measured,  a  signal  generator  is  needed  at  the  transmit  end  of  the  pair  and  a 
test  counter  at  the  receive  end  of  the  same  pair.  Usually  a  quasi-random 
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signal  source  (QRSS)  is  used  to  transmit  the  bit  stream  and  a  companion 
receiver  compares  the  received  signal  to  the  known  (quasi-random)  signal,  thus 
determining  the  BER.  BER  is  mainly  a  facility  measurement  but  can  be  appHed 
to  the  terminal  equipment  if  appropriate  sources  and  receivers  are  available, 

2.  With  the  equipment  connected  as  in  Figure  25,  set  the  dials  to  count 
the  appropriate  type  of  errors  (or  measure  the  appropriate  quantity). 

3.  Set  the  timer  for  a  specified  time  period  or  continuous  setting  (refer 
to  test  equipment  manufacturer's  recommendations), 

4.  After  the  prescribed  time  has  passed,  read  and  record  the  display  ;• 
value.  ;; 

17.  Data  Systems 

17  1  With  the  trend  in  communications  toward  digital  transmission,  much 

interest  has  been  focused  on  data  systems.  In  the  telephone  system, 
data  is  transmitted  at  various  speeds  (bit  rates)  using  various  types  of 
modulation,  requiring  various  forms  of  line  treatment  (equalization). 


# 


17.2 


On  the  present-day  telephone  system  bit  rates  of  up  to  2.4  kbit/s  are 
possible  on  untreated  facilities.  With  some  minor  gain  and  delay 

equalization  at  the  terminals  (modems),  bit  rates  of  4.8  kbit/s  and  even  9.6 

kbit/s  (on  dedicated  facilities)  are  possible. 


17.3 


Some  low  speed  data  systems  are  currently  in  use.  These  include  Telex, 
telegraph,  telephotograph,  and  some  facsimile.  These  systems  usually 
transmit  at  no  more  than  a  few  thousand  bits  per  second. 

17.4  The  (former)  Bell  System's  Digital  Data  System  provides  users  with  data 

capabilities  over  analog  circuits  greater  than  that  permitted  over  the 

standard  voice-band  lines.  This  requires  a  greater  frequency  band 

utilization-6,  12.  or  60  voice-band  telephone  channels  are  the  current 
standards. 


# 


and 


17.5  The  modulation  (or  coding)  schemes  used  are  similar  to  some  of  the 
techniques  used  in  digital  radio.  These  include  AM,  VSB,  QAM,  ^bR, 

PSK.  The  application  of  these  techniques  is  identical  to  that  of  digitdi 
radio. 

17.6  Since  data  requirements  are  more  stringent  than  voice  transmission 
requirements,  the  equalization  procedures  taken  are  more  critical. 

Data  systems  also  may  have  a  much  lower  tolerance  for  inipulse  "o^f-  ^^^^  ^^  ._ 
voice  comnunication  systems.  Data  systems  suffer  many  of  the  same  impairments 
as  analog  systems,  but  offer  some  advantages  (compatibility  with  modern 
switching  systems  and  devices,  easier  implementation  of  signaling;. 

17.7  Although  some  data  systems  may  have  special  requirements  ^nd  features, 
many  such  systems  can  still  be  tested  using  the  'methods  emp^yed  in 

testing  PCM  voice  systems.  Bit-error  rate  can  be  measured  to  aeterm  ne  system 
performance.  If  long  distances  are  covered  by  the  data  system,  bipolar 
violations  and  signal-to-noise  margin  may  also  be  valid  measurements. 
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18.  Automatic  Test  Equipment 

18.1  Automatic  and  semi-automatic  test  equipment  for  telecommunications 
systems  are  finding  wider  use  as  their  costs  come  down  and  capabilities 

increase.  Just  as  the  boundary  between  computers  and  communications  is 
becoming  less  clear,  so  is  the  boundary  between  automatic  and  semi-automatic 
telecommunications  test  equipment.  Manual  equipment  has  capabilities  that 
were  termed  semi-automatic  a  few  years  ago.  Semi-automatic  test  equipment 
sometimes  seems  automatic.  And  automatic  test  equipment  (ATE)  and  test 
systems  have  capabilities  that  surpass  all  previous  generations  of  test 
equipment.  The  trend  is  toward  greater  sophistication  and  user-friendliness 
at  all  levels  of  testing. 

18.2  This  subsection  gives  a  brief  list  of  some  of  the  functions  available 
on  some  present  ATE.  It  also  mentions  some  of  the  applications  for 

various  types  of  ATE. 

18.3  ATE  can  be  classified  in  a  number  of  ways:  full  time  or  part  time, 
subscriber  loop  checking,  trunk  testing,  and  CO  testing.  Many  of  these 

categories  overlap. 

18.4  The  tests  that  automatic  systems  provide  include  most  or  all  of  the 
basic  transmission  tests:  transmission  level;  return  loss;  C-message 

noise;  propagation  delay;  ac  and  dc  voltages,  resistance  and  capacitance 
between  all  combinations  of  tip,  ring,  and  ground;  dial  pulsing  and  DTMF;  dial 
tone;  bipolar  violations;  all  I's  condition  on  Tl  systems;  longitudinal 
balance;  and  pay  station  testing.  Not  every  system  will  perform  all  these 
tests. 

18.5  Some  forms  of  ATE  are  designed  specifically  for  certain  applications 
such  as  E&M,  FX,  and  CO  switches.  Some  also  have  provisions  for 

predicting  trouble  in  advance,  record  administration,  and  statistical  analysis 
of  calls  and  faults. 

18.6  The  monitoring  and  maintenance  ATE  systems  do  exactly  what  their  names 
imply— monitor  and  maintain.  These  systems  are  usually  full  time. 

They  provide  fault  reporting  and  often  advance  notice  of  possible  problems. 
Alarm  reporting  is  included  in  many  cases.  The  conditions  that  trigger  alarms 
are  sometimes  adjustable.  Advanced  maintenance  systems  notify  maintenance 
personnel  for  dispatching.  This  dispatching  can  usually  be  done  quite 
accurately--to  within  100  feet  of  a  line  fault. 

18.7  As  research  and  development  progress,  more  efficient  ATE  and  systems 
will  be  produced.  The  already  high  reliability  may  be  increased  and  as 

competition  and  mass  production  are  induced,  costs  should  come  down.  Although 
ATE  and  systems  may  be  considered  luxury  items  today,  much  greater  use  of  them 
can  be  expected  in  the  future. 
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GENERAL  AND  HISTORY 


'5 


1.1  This  section  provides  REA  borrowers,  consulting  engineers  and  other 
interested  parties  with  information  on  digital  transmission  systems. 

A  brief  introduction  and  histoiry  of  digital  transmission  systans  is  follcwed 
by  an  overview  and  suirmary  discussion  of  PCM  fundamentals,  digital  building 
blocks,  and  similar  topics.  A  more  detailed  discussion  of  digital  equip- 
ment and  application  is  covered  in  other  sections  in  the  950  and  960  series 
of  the  TE&CM.  TE&CM  Section  951  contains  a  glossary  of  terminology  used  in 
digital  transmission  systems,  and  is  provided  as  a  companion  reference  for 
this  section  and  other  sections  in  the  950  and  960  series. 

1.2  Digital  Eguiianent:  The  characteristics  of  digital  transmission  and 
switching  equipment  are  outlined  in  REA  specifications,  telephone 

industry  specifications,  and  in  various  TE&CM  sections.  REA  Specification 
PE-60  and  PE-64  cover  basic  digital  carrier  equipment  such  as  trunk  and 
subscriber  terminal  equipment,  span  lines,  and  autcmatic  protection  switching. 
The  detailed  specifications  for  specific  installations  of  digital  carrier 
equipment  are  covered  under  REA  Forms  397d  and  397c.  REA  Form  522  contains 
the  basic  equipment  specifications  and  the  detailed  installation  specifi- 
cations for  digital  central  office  equipnent,  including  renote  switching 
terminals.  Digital  hardwar-e  and  software  are  in  the  process  of  "evolving". 
It  will  sometimes  be  necessary  to  supplanent  or  modify  digital  system  and 
equipment  specifications  to  keep  pace  with  the  latest  technology.  This  is 
especially  the  case  for  seme  of  the  high  density  optical  fiber  systems,  or 
the  more  unique  distributed  subscriber  systans  for  voice  and  data  capabilit]^'. 

1.3  Early  digital  camuni cations  took  the  form  of  smoke  signals,  signal 
fires,  sunlight  reflected  by  mirrors  and  similar  techniques.  The  tele- 
graph marked  the  beginning  of  modem  coTmunicaticns  where  coded  (digital) 
electrical  signals  were  transmitted  over  wires.  The  use  of  light  in  digital 
conmuni cations  has  been  "rediscovered"  with  the  development  of  lightwave 
transmission  systems . 
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1.3.1  Pulse  code  modulation  (PCM)  carrier  principles  were  developed  by- 
Alec  Reeves  of  ITT  in  Europe  in  1937.  At  that  time,  there  was  no 

hardware  available  to  convert  these  concepts  into  practical  systems.  In 
1956,  Bell  Labs  began  the  development  of  the  first  oormercial  PCM  systen. 
PCM  carrier  began  ccmnercial  service  in  1962 — 25  years  after  Reeves  intro- 
duced the  principles  of  PCM.  The  invention  of  the  transistor  by  Bell  Labs 
in  1947  triggered  a  large  scale  electronics  revolution.  The  integrated 
circuit  developed  two  decades  later  enhanced  the  role  of  digital  systems 
for  ccarputers  and  carrnuni  cation  systans. 

1.3.2  The  Bell  System's  PCM  system  was  designated  as  the  Western  Electric 
Tl  carrier  systan.  Bell  developed  digital  system  building  blocks 

or  modules,  and  identified  the  digital  transmission  system  as  Tl  span  lines 
and  the  encoding  and  decoding  PCM  terminals  as  Dl  channel  banks.  Fran  this 
beginning,  a  digital  hierarchy  concept  was  developed  for  the  trunk  network. 
Independent  telephony  manufacturers  extended  the  use  of  PCM  carrier  into 
subscriber  loop  plant  before  1970.  Digital  transmission  techniques  have 
now  been  extended  into  switching  systems.  Early  Bell  efforts  were  con- 
centrated on  digital  toll  switches,  while  the  Independent  manufacturers 
have  concentrated  on  integrated  Class  5  digital  switches,  ranote  switches, 
digital  subscriber  carrier  and  digital  subscriber  line  concentrators. 

1.3.3  The  accelerating  developnent  of  integrated,  circuits  has  further 
enhanced  the  role  of  digital  transmission  and  switching  systans  in 

telephony.  Major  parts  of  telephone  systems  can  be  put  on  one  or  several 
integrated  circuits.  The  information  that  can  be  stored  on  a  single  inte- 
grated circuit  continues  to  expand,  providing  new  markets  for  these  devices. 
Integrated  circuits  can  now  store  a  digitized  voice  for  recorded  messages 
with  no  mechanical  moving  parts  to  fail.  An  increase  in  the  use  of  data 
transmission  by  telephone  business  customers  is  expected  in  the  future. 
Digital  transmission  systems  are  especially  suited  for  efficient  data  trans- 
mission. Standardization,  volume  production,  power  efficiency  and  smaller 
size  of  electronic  systans  should  result  in  lower  costs  to  telephone  con- 
panies  and  their  subscribers. 

1.4  The  term  "digital"  refers  to  information  that  is  represented  nu- 
merically- Digital  transmission  systems  in  telephony  transmit  b^o- 
state  digitally  encoded  information  in  the  form  of  a  serial  stream  of  pulses. 
Transmission  systans  can  be  divided  into  two  major  categories  and  many  sub- 
categories. The  major  categories  chosen  for  discussion  are  frecmency  di- 
vision and  time  division  systems .  In  frequency  division  systems ,  channels 
are  separated  by  frequency  assignment.  In  time  division  systems,  channels 
are  separated  by  time  assignment. 

1.4.1  Frequency  division  systems  for  voice  carmuni cations  are  generally 

carrier  modulated  on  a  continuously  changing  basis  (noninterrupted) , 
and  referred  to  as  analog  carrier.  Analog  and  frequency  division  have  come 
to  mean  the  same  in  carrier  systems.  Examples  of  analog,  frequency  division 
carrier  are  amplitude  modulation  (AM)  and  frequency  nodulation  (EVI)  systems. 
In  most  cases,  FM  systems  are  in  reality  phase  modulation  (PM)  systans,  but 
are  referred  to  as  FM.  The  most  conmon  analog  carrier  systans  used  in  tele- 
phony are  double  sideband  (DSB)  AM,  single  sideband  (SSB)  ?M,   and  IM  systems. 
Most  DSB  AM  systans  transmit  a  carrier  signal  for  each  channel  and  most  SSB 
AM  systems  suppress  the  channel  carrier,  and  transmit  one  or  more  pilot 
signals  for  regulation  of  channel  groips  or  systems. 
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1.4.2  Time  division  systans  sanple  analog  signals  and  transmit  infor- 
mation representing  the  instantaneous  value  of  that  signal  at  the 

time  it  was  sanpled.  Time  division  systems  can  be  subdivided  into  two 
major  groups.  The  first  major  group  utilizes  modulation  techniques  such 
as  pulse  airplitude  modulation  (PAM) ,  pulse  width  modulation  (PWM)  ,  pulse 
postion  modulation  (PH^)  and  similar  systoiB.  These  systems  transmit  the 
modulated  signal  in  a  form  that  degradation  can  occur  on  a  gradual  and 
cumulative  basis.  The  other  major  group  of  time  division  systans  is 
called  digital  systons.  In  digital  systems,  information  is  transmitted 
as  serial  stream  in  a  state  such  as:  Pulse  or  no  pulse;  on  or  off;  or  one 
or  zero.  Gradual  or  cumulative  degradation  is  unlikely  in  digital  trans- 
mission systems  because  the  information  is  periodically  regenerated  rather 
than  amplified.  Digital  systems  generally  work  well  to  a  crash  point  and 
then  fail  completely. 

1.4.3  Pulse  Code  Modulation  (PCM)  is  the  most  widely  used  digital  system 
in  telephony.  Each  voice  sample  level  is  encoded  into  8  serial 

bits  of  information  and  transmitted  as  an  8-bit  code  (D3  and  D4  types)  . 
Digital  subscriber  carrier,  digital  concentrators,  and  digital  central 
offices  use  D3  voice  encoding,  but  signaling  information  is  not  standardized 
for  subscriber  equipment  and  services.  Another  form  of  digital  systan 
is  called  differential  PCM  (DPCM)  or  delta  modulation.  DPCM  systans  trans- 
mit changes  frcm  the  last  sanpled  state.  Most  digital  systems  now  use  Tl 
span  lines  as  the  transmission  medium  (1.544  megabits  per  second)  . 

1.5  PCM  Fundamentals:  Perhaps  the  best  way  to  illustrate  the  fundamentals 
of  digital  transmission  systans  is  to  follow  the  encoding,  transmis- 
sion and  decoding  process  cf  a  pulse  code  modulation  (PCM)  carrier  system. 
Appendix  A  is  a  brief  illustrated  guide  on  the  D3-T1  trunk  carrier  systan. 
PCM  subscriber  carrier  and  other  digital  systems  in  telephony  operate  in  a 
similar  manner. 


2.   HIEFIARCHY 

2.1  A  basic  digital  transmission  hierarchy  was  established  by  the  Bell 
System  in  the  early  1960 's.  The  basic  bmlding  block  was  24  voice 
channels  of  PCr4  carrier  conbined  to  form  a  1.544  ^t>/s   line  signal. 


Designation 

Rate  (f^/s) 

Voice  Channels 

Tl 

1.544 

24  (Tl) 

T2 

6.312 

96  (4x  Tl) 

T3 

44.736 

672  (7x  T2) 

T4 

274.176 

4032  (6x  T3) 

2.2  Each  digital  voice  channel  is  sampled  8000  times  per  second  times  8 
bits  per  channel  times  24  channels,  requiring  1.536  r^/s  of  channel 
information  for  each  24  channel  system.  To  this  is  added  a  framing  bit 
for  each  of  the  8000  samples,  resulting  in  a  Tl  bit  of  1.544  Mb/s.  The  96 
channels  of  a  T2  system  may  originate  in  as  many  as  four  different  locations 
^^       of  24  channels  each  over  separate  Tl  lines.  Each  of  the  Tl  systems  ney 

operate  fron  independent  1.544  ^to/s  clocks.  The  slight  differences  in  bit 
rates  result  in  asynchronous  (not  synchronized)  signals  being  fed  into  a 
multiplexer.  The  T2  rate  of  6.312  Mb/s  has  136,000  bits  over  that  of  four 
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tiines  the  Tl  rate  (6.176  Mb/s)  .  The  multiplexer  utilizes  these  extra 
136,000  bits  to  maintain  a  6.312  Mb/s  rate  from  the  four  randan  1.544  Mb/s 
inputs.  This  is  done  by  inserting  control,  framing  and  pulse  stuffing 
bits.  Stuffing  bits  are  added  as  required  to  synchraiize  tbs  four  random 
bit  streams.  These  extra  bits  are  discarded  when  the  signal  is  demulti- 
plexed. Other  special  processing  also  takes  place  in  multiplexers  to 
improve  the  signal  format  for  transmission  (i.e.,  suppression  of  a  long 
string  of  zeros  or  no  pulse  condition) . 

2.3  The  original  conceptual  hierarchy  has  been  further  refined  to  address 
present  day  needs  and  hardware.  The  D  channel  banks  have  been  ex- 
panded, reflecting  improvements  in  technology-  The  T  transmission  systems 
still  followr  the  basic  format,  but  have  been  expanded  to  include  inte2nnediate 
multiples  of  the  basic  channel  capacities.  These  changes  primarily  reflect 
changes  in  technology,  econcmics  and  resultant  hardware.  The  T  designation 
basically  identifies  Western  Electric  equipment  (hardware) .  The  Independent 
manufacturers  have  developed  functionally  equivalent  digital  systans,  and 
the  D  and  T  designations  often  imply  equipnent  compatibility  standards . 
While  D  and  T  designate  equipnent,  the  terms  DS  and  DSX  were  implementesd.  to 
designate  system  bit  rates  and  interface  standards.  DSl  refers  to  a  digital 
signal  at  the  first  level,  or  1.544  f-lb/s.  DSXl  is  a  cross  connect  or  inter- 
face point  for  a  DSl  signal.  This  is  the  present  hierarchy  of  digital  signals. 


Designation 

Rate  (Mb/s) 

Voice 

Channels 

DSl 

1.544 

24 

(Tl) 

DSIC 

3.152 

.  48 

(2x  Tl) 

DS2 

6.312 

96 

(4x  Tl) 

DS3 

44.736 

672 

(7x  T2) 

DS4 

274.176 

4032 

(6x  T3) 

2.4  The  digital  hierarchy  with  standard  multiplexers  and  interface  points 
are  illustrated  in  Figure  1.  Intermediate  levels  such  as  DSlC  may 
be  converted  back  into  the  next  lower  level  before  entering  the  hierarchy 
at  higher  levels.  The  voice  channel  capacity  is  shown  above;  in  reality, 
the  bits  may  be  used  for  voice,  data  or  canbinations  of  voice  and  data.  The 
Independent  manufacturers  adhere  to  the  Bell  Syston  hierarchy,  but  have 
added  variations  to  this  hierarchy  to  address  specific  market  and  application 
situations  of  the  Independent  telephone  companies  such  as  radio  and  optical 
fiber  systens.  This  will  be  further  discussed. 

3.   IMPI^MENTATIQN  ON  PAIRED  CABLES 

3.1  This  phase  of  the  implementation  of  digital  systems  addresses  hardware 
applied  to  exchange  grade  cables  and  other  special  types  of  paired 
cables.  This  phase  is  considered  a  beginning  level  and  generally  deals  with 
digital  systens  at  the  exchange  level.  Digital  systems  applied  to  optical 
fibers,  coaxial  cables  and  radio  will  also  be  discussed  in  later  paragraphs. 
These  are  generally  considered  to  be  higher  order  systans  (high  bit  rates) 
utilized  in  the  intertoll  network.  However,  the  practical  applications  for 
fiber  systems  may  extend  down  to  DSl  and  DS2  rates,  and  may  find  large  scale 
application  at  the  exchange  level  in  the  future. 


3.2  Tl  carrier  was  designed  for  use  in  metropolitian  areas.  The  developed 
technology  and  hardware  have  expanded  the  application  of  this  equipnent 
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such  that  few  areas  of  telephony  remain  untouched  by  digital  transmission 
and  switching.  In  rural  telephony,  the  vast  majority  of  new  trunks  are 
supplied  by  Tl  carrier  systens.  This  trend  became  evident  in  1968,  the 
first  year  that  REA  began  evaluating  and  listing  PCM  carrier  developed 
by  Independent  manufacturers.  Of  the  trunk  carrier  channels  supplied  to 
REA  borrcwers  under  contract  that  year,  30  percent  were  PCM  carrier. 

3.3  Bell  Labs  established  Tl  span  line  engineering  guidelines  in  1963. 
Maximum  repeater  spacings  were  established  based  on  extensive  cable 

data  analysis.  As  cables  were  loaded  with  Tl  systems  shorter  spacings 
were  required  to  offset  the  effects  of  near  end  crosstalk.  Superior  Cable 
Corporation  developed  a  T  Screen  cable  for  effectively  separating  the 
transmit  and  receive  cable  pairs  in  1970.  This  provided  the  effect  of 
separate  cables  for  transmit  and  receive  directions,  and  provided  for  full 
repeaters  spacings.  Filled  core  cables  became  widely  used  in  the  early 
1970 's.  The  loArer  attenuation  characteristics  of  filled  cables  provided 
for  10  to  15  percent  longer  repeater  spacings.  Improvements  in  cable 
screen  techniques  provided  additional  near  end  crosstalk  isolation,  allowing 
for  the  application  of  higher  bit  rate  digital  systems. 

3.4  The  earlier  Dl  channel  banks  were  utilized  at  the  exchange  level  for 
toll  connecting  and  EPS   service.  Later  channel  banks  were  designated 

D2,  D3  and  D4.  The  significant  technical  difference  is  that  Dl  uses  seven 
bits  to  encode  each  voice  sample,  resulting  in  127  encoding  steps;  the  D2, 
D3  and  D4  use  eight  bits  to  encode  each  voice  sample,  resulting  in  255 
\   encoding  steps.  The  result  is  less  channel  noise  and  distortion  with  the 
later  D  channel  banks.  The  D4  channel  bank  (or  Independent  manufacturer's 
equivalent)  is  emerging  as  an  eoonanical  and  flexible  channel  bank  that 
will  interface  with  other  D3  or  D4  channel  banks  in  synchronized  or  non- 
synchronized  modes  of  operation.  The  D4  output  can  be  arranged  to  directly 
interface  Tl,  TIC  and  T2  span  lines.  The  1,544  Mb/s  bit  stream  can  be  readily 
accessed  on  a  per  channel  basis  for  data  (in  64  kb/s  incranents) . 

3.5  Variations  of  the  Dl,  D2,  D3  and  D4  trunk  channel  banks  have  been 
adapted  for  si±iscriber  service  by  Independent  manufacturers.  These 

systems  have  provided  subscriber  service  almost  exclusively  over  exchange 
cable  pairs  utilizing  Tl  span  lines.  Present  subscriber  carrier  utilize 
D3  voice  encoding;  but  each  manufacturer  differs  slightly  in  the  use  of 
signaling  bits  to  accanplish  dialing,  ringing,  etc.  Also,  there  are  variations 
in  alarms,  housekeeping  and  renote  testing  functions  between  manufacturers. 
^•»/hile  most  manufacturers  have  used  only  signaling  bits  to  transmit  this 
information  between  the  office  and  subscriber  terminals,  sane  use  part  of 
the  framing  (synchronization)  bits  also.  Subscriber  line  concentrators  are 
integrated  into  seme  types  of  digital  subscriber  carrier. 

3.6  Bell  Labs  developed  a  special  paired  cable  for  T2  transmission  in 
1970.  This  second  step  in  the  digital  hierarchy  has  been  essentially 

dormant,  especially  in  the  Independent  telephone  industry.  The  benefits 
versus  costs  of  T2  applied  to  special  paired  cables  are  marginal  at  best. 


3.7  Responding  to  needs  within  the  capability  of  existing  cable  plant 
and  technology,  variations  of  the  original  hierarchy  began  to  be 
used.  An  example  is  TIC  with  48  voice  channels  transmitted  at  3.152  ^to/s. 
Exchange  cables  may  be  inadequate  or  marginal  for  TIC  application.  This 
is  especially  so  for  subscriber  cables  where  cables  are  frequently  tapped 
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and  vAiere  housekeeping  nay  suffer.  Independent  manufacturers  have  ad- 
dressed this  market  with  TIC  equivalent  systems,  and  with  variations  of 
TIC  that  oonpress  the  3.152  Mb/s  information  rate  into  span  line  signals 
at  lower  rates  and  irrpose  significantly  lower  transmission  requirements 
on  cables  than  TIC.  Compressed  bit  rate  systems  are  primarily  intended 
for  application  to  existing  exchange  cables  that  will  not  support  higher 
bit  rate  systems. 

4.   IMPLEMENTATION  ON  IMPROVED  FACILITIES 

4.1  Higher  order  digital  systems  (above  the  T2  rate)  cannot  econonically 
be  transmitted  over  paired  cables.  In  concept,  the  alternative 

transmission  media  for  these  higher  order  digital  systems  was  coaxial 
cables,  waveguides  and  radio.  Optical  fibers  began  to  show  significant 
premise  as  a  digital  transmission  medium  in  the  mid  1970 's. 

4.2  Lightwave  systems  in  service  are  generally  at  T3  channel  capacities 
or  multiples  of  T3.  Lightwave  systems  are  not  yet  fully  stand- 
ardized.  Current  lightwave  systems  with  T3  channel  capacities  may  utilize 
bit  rates  slightly  higher  than  DS3  (44.736  Mb/s).  These  extra  bits  are 
used  for  alarms,  housekeeping  and  synchronization  functions  of  the  lightwave 
systems.  These  systems  generally  are  not  end  to  end  compatible  on  an  optical 
basis,  but  can  be  made  compatible  on  an  electrical  interface  basis  at  standard 
DS  levels. 

4.3  There  is  also  current  work  in  progress  to  investigate  the  economic 
and  technical  feasibility  of  lightwave  s^'^stems  using  bit  rates 

substantially  lower  and  higher  than  T3.  For  lower  density  applications, 
the  economical  use  of  T2  and  even  Tl  rates  over  fibers  is  being  reviewed. 
It  would  be  premature  to  judge  the  outcome  of  this  work.  Higher  bit  rates 
such  as  two  times  T3  (1344  channels)  may  become  an  intermediate  standard 
for  fiber  systons.  The  use  of  longer  wavelength  systems  provides  for  lower 
fiber  attenuation  and  few  repeaters  between  terminal  locations. 

4.4  Analog  and  digital  radio  systems  are  also  being  used  for  the  trans- 
mission of  digital  signals.  Standard  Tl  signals  (1.544  Mb/s)  or 

multiples  of  Tl  are  processed  and  multiplexed  onto  the  radio.  The  digital 
system  may  use  external  multiplexers  for  application  to  analog  radio,  or 
the  digital  signals  may  be  directly  applied  to  digital  radio.  A  digital 
radio  is  the  functional  equivalent  of  analog  radio  with  an  external  digital 
multiplexer.  Most  digital  signals  applied  to  radio  in  the  Independent 
industry  do  not  follow  the  standardized  Bell  System  digital  hierarchy  and 
format. 


4.5  Lower  density  digital  radio  transmission  systems  are  available  for 
rural  applications.  The  ohannel  capacities  of  these  systems  are 
24  (Tl) ,  48  (2  X  Tl) ,  96  (4  x  Tl) ,  144  (6  x  Tl) ,  192  (8  x  Tl)  and  higher. 
Four  or  eight  level  phase-shift  keyed  (PSK)  modulation  is  carmonly  used 
to  achieve  bandwidth  efficiency.  Digital  signals  such  as  Tl  signals  generally 
contain  repetitive  patterns,  causing  high  amplitude  discrete  frequency  com- 
ponents. Before  these  signals  are  modulated  on  the  radio,  they  are  scrambled 
(encoded)  to  eliminate  any  repetitive  patterns.  This  reduces  the  radio  loading. 
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4.6  The  digital  radio  systems  of  one  manufacturer  are  generally  not 
end-to-end  conpatible  with  equiprBnt  of  other  manufacturers  at  this 

time.  However,  these  systans  can  be  standardized  at  the  DSl  level  (or 
higher)  for  transmission  over  Tl  span  lines.  Thus,  they  can  serve  as  a 
digital  transmission  building  block  alaig  with  other  standard  systems  in 
the  digital  hierarchy. 

4.7  The  original  digital  hierarchy  planned  the  use  of  T4  systems  over 
coaxial  cables.  This  was  to  be  a  long  haul  system  carrying  4032 

voice  channels  (168  times  Tl) .  In  rural  areas,  the  need  for  4000  voice 
channels  in  one  route  is  non  existent  at  this  time  or  in  the  foreseeable 
future.  T'^ere  a  need  for  large  quantities  of  voice  channels  does  exist, 
lightwave  systems  are  likely  to  be  the  economical  choice. 

4.8  In  roiral  areas,  coaxial  cables  may  be  used  to  provide  CAT/  or  other 
broadband  services.  Voice  channels  and  data  may  also  be  applied  to 

small  bandwidth  segments  of  these  coaxial  cables  to  provide  both  broadband 
and  narrowband  services.  Digital  techniques  are  especially  efficient  for 
data  services  and  Tl  carrier  systens  are  very  cost  effective  for  voice 
circuits.  Utilizing  multiplexers  and  techniques  very  similar  to  digital 
systems  applied  to  analog  radio,  segments  of  coaxial  cable  systans  can  serve 
as  building  blocks  in  the  digital  hierarchy. 

5.   DIGITAL  SYSTEM  MODULES 


5.1  Digital  transmission  and  switching  systems  are  designed  and  assembled 
in  modules .  Each  module  is  essentially  separate  and  corplete  as  a 

subsystem,  but  can  be  integrated  to  form  systeins  in  a  digital  network. 

5.2  Each  digital  module  is  designed  to  sane  interface  standard  (not 
necessarily  an  industry  wide  standard)  such  that  it  can  be  considered 

a  separate  and  ccmplete  unit  for  installation,  alignment  and  testing.  The 
architecture  for  the  various  digital  transmission  and  switching  systans  are 
designed  to  meet  certain  industry  requirements  for  direct  digital  inter- 
face, but  there  is  no  universal  agreanent  on  architecture  and  interface 
standards. 


^ 


5.3  An  integrated  digital  network  can  be  formed  with  currently  available 
hardware.  Figure  2  shows  sane  of  the  digital  transmission  systems 
available  for  the  trunk  network;  and  Figure  3  shows  sane  of  the  digital 
building  blocks  for  subscriber  service.  All  of  these  digital  modules  may 
not  be  available  frcxn  one  manufac±urer7  and  there  is  a  high  probability 
that  equipment  frcm  different  manufacturers  will  only  interface  on  an  ana- 
log voice  frequency  basis.  This  is  rather  universally  true  for  subscriber 
service.  Nonstandard  interfaces  exist  with  seme  trunk  systens,  but  these 
systems  will  interface  digitally  at  DSl  and  higher  bit  rates  in  the  Bell 
Syston  defined  hierarchy.  To  achieve  greater  efficiencies,  manufactuers 
have  combined  DSl  signals  into  higher  bit  rate  systems  for  application  to 
paired  cables,  radio,  coaxial  cables  and  optical  fibers.  While  standard- 
ization at  all  bit  rates  would  be  desirable,  it  may  not  be  the  most  cost 
effec±ive  use  of  the  tiransnussion  media.  Where  nonstandard  interfaces  are 
used  for  transmission,  they  can  be  converted  into  standard  DS  levels  at 
interface  points. 


5.4  Trunk  Systems:  The  following  are  exanples  of  digital  systems  that 
can  be  used  to  form  a  digital  trunk  network. 


REA  TE&a4  950 
Page  8 


5.4.1  Digital  COE;  The  digital  central  office  equipment  is  rather 
universally  defined  for  trunk  service.  The  standard  interface 

is  DSl  (1.544  Mb/s)  and  the  decoded  digital  signal  is  equivalent  to  a 
D3  channel  bank.  In  practical  terms,  the  digital  OOE  can  be  used  to 
interface  with  other  digital  COE  and  D3  channel  banks  for  almost  all 
switched  services.  It  has  not  been  econonically  practical  to  provide 
non  switched  full  period  circuits  (nailed  up  circuits)  for  special 
services.  A  separate  D3  channel  bank  is  currently  used  for  this  service 
—  even  if  only  one  full  period  circuit  is  required.   (Note:  There  are 
techniques  for  intercepting  the  DSl  bit  stream  to  extract  one  of  the  24 
channels  before  it  enters  the  digital  switch.  Such  systans  must  be 
considered  experimental  at  this  time.) 

5.4.2  D3  Channel  Bank;  The  D3  (or  D4)  channel  bank  (24  channels  at  the 
DSl  rate)  is  the  universal  standard  for  trunks  in  the  digital 

network  in  North  America.  Digital  central  office  equipr^ent  is  designed 
on  the  basis  of  D3-T1  interface. 

5.4.3  Tl  Span  Line:  The  Tl  type  span  line  (DSl  rate)  on  paired  tele- 
phone cable  is  the  standard  interface  for  systems  in  the  digital 

network.  Higher  bit  rate  systems  are  also  used.  These  higher  bit  rate 
systans  may  not  be  standard,  but  can  be  interfaced  at  the  DSl  rate. 

5.4.4  Digital  Radio:  Digital  radio  (or  analog  radio  with  digital  multi- 
plexer) can  be  used  econonically  for  point-to-point  digital  trans- 
mission at  multiples  of  the  DSl  rate.  Most  digital  signals  applied  to 
digital  radios  above  the  DSl  rate  do  not  follcw  the  standardized  Bell 
System  digital  hierarchy  and  format.  Low  density  digital  radios  with  voice 
channel  capacities  up  to  192  (8  x  Tl)  are  available  for  rural  applications. 
Higher  density  digital  radios  providing  up  to  1344  voice  channels  (56  x  Tl) 
are  also  available. 

5.4.5  A-D  Converter:  An  analog-to-digital  converter  (A-D  oonverter)  can 
be  an  economical  technique  for  seme  telcos.  An  A-D  converter  trans- 
forms the  voice  and  signaling  of  an  analog  carrier  system  into  a  digital 
format  (and  a  digital  bit  stream  into  an  analog  format)  .  The  only  A-D  con- 
verters available  today  are  for  L  carrier  to  T  carrier.  The  unit  is  designed 
to  convert  two  12  channel  L  carrier  groups  (voice  and  signaling)  into  one 

24  channel  D3-T1  digital  signal  (DSl) .  The  primary  application  is  where 
L  carrier  exists  (over  radio  or  coaxial  cable)  and  there  is  a  need  to  ihter- 
face  a  digital  OOE,  or  extend  the  circuits  over  digital  facilities  such  as 
Tl  span  lines . 

5.4.6  Lightwave  Systems:  Lightwave  transmission  systems  may  be  cost  effective 
for  high  density  digital  applications;  the  feasibility  of  Ioat  den- 
sity fiber  systems  is  also  under  study.  Standardization  on  a  lightwave 

basis  does  not  exist  today  between  different  manufacturer ' s  fiber  systems . 
These  systems  can  be  interfaced  on  an  electrical  basis  at  standard  DS  rates. 


5.4.7  Coaxial  Cable  Systems:  Digital  transmission  over  coaxial  cables  will 

not  generally  compete  with  other  techniques.  They  may  beccme  economical  ^^ 
in  the  future  when  combined  with  other  systems  such  as  CATV.  ^^ 

5.5  Subscriber  Systems:  Digital  conpatibility  of  digital  subscriber  systems 
exist  only  to  a  minor  extent.  At  this  time,  standards  exist  only  for 
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Tl  type  span  lines  and  for  D3  voice  encoding.   Equipnent  fron  different 
imnufacturers  are  unlikely  to  interface  on  a  digital  basis.   The  fol- 
lowing  are  examples  of  digital  building  blocks  for  subscriber  service. 

5.5.1  Digital  COE:  Only  the  D3  voice  encoding  and  DSl  interface  are 
defined  for  digital  central  office  equipment  in  subscriber  service. 

The  signaling,  processing,  alarms,  housekeeping  and  renote  testing  functions 
are  not  standardized  among  manufacturers.   In  general,  equipment  from  dif- 
ferent manufacturers  can  only  be  interfaced  on  an  analog  voice  frequency 
basis.  A  typical  remote  switching  terminal  (RST)  handles  250  to  350  lines, 
and  is  connected  to  the  host  COE  on  a  direct  digital  basis  over  two  Tl 
span  lines.  The  digital  OOE  architecture  varies  with  manufacturer  and 
equipment.  These  hardware  and  software  differences  do  not  allow  for  easy 
mixing  of  equipment.  There  are  several  alternatives  offered  for  ser\^ing 
small  groups  of  subscribers  on  a  direct  digital  interface  basis.  One 
method  is  to  distribute  the  250  to  350  lines  at  multiple  RST  locations. 
Another  method  is  to  utilize  subscriber  terminals  of  PCM  subscriber  car- 
rier and  interface  the  COE  on  a  direct  digital  basis  (onit  CO  channel  banks) . 
The  PCM  subscriber  carrier  may  interface  the  RST  as  well  as  the  COE. 

5.5.2  Digital  Subscriber  Carrier:   PCM  subscriber  carrier  designed  in 
24  channel  groups  with  D3  voice  encoding  and  Tl  span  lines  is  in 

wide  use  on  an  analog  interface  basis.  Some  types  are  designed  to  inter- 
face the  digital  COE  or  RST  on  a  direct  digital  basis  (if  all  equipment  is 
furnished  by  the  same  manufacturer) .  Lacking  standardization  in  signaling, 
alarms  and  testing  functions,  its  role  on  a  direct  digital  interface  basis 
may  be  limited.  However,  digital  subscriber  carrier  is  expected  to  maintain 
a  strong  role  in  subscriber  service  on  an  analog  interface  basis  because 
of  its  simplicity,  versatility,  and  low  cost. 

5.5.3  Digital  Subscriber  Line  Concentrators:   Digital  concentrators  com- 
bine digital  transmissiai  and  digital  switching  to  interface  the 

COE  on  an  analog  basis.  Sane  "concentrators"  are  designed  to  interface  the 
OOE  on  a  direct  digital  basis  (when  furnished  by  the  same  manufacturer) . 
By  definition,  it  then  ceases  to  be  a  concentrator  and  becanes  an  RST.  Digital 
concentrators  are  gaining  in  popularity  as  an  alternative  to  RST's  and  sub- 
scriber carrier  for  larger  circuit  quantities  at  one  location. 

5.5.4  Tl  Span  Line:   The  Tl  span  line  (DSl  rate)  on  paired  telephone  cable 
is  the  standard  interface  for  digital  systens  in  subscriber  service. 

Higher  bit  rate  systems  are  available,  but  may  have  technical  and  practical 
limitations  in  subscriber  service.  Hi<^er  bit  rate  span  lines  (i.e.,  2  x 
Tl)  may  offer  more  circuits  per  cable  pair;  but  many  subscriber  systems  re- 
quire two  Tl  span  lines  and  the  two  separate  paths  are  desired  for  reliability. 
It  would  serve  little  purpose  to  increase  the  span  line  bit  rate  if  additional 
alternate  paths  are  required  for  reliability. 

5.5.5  Digital  Radio:  Digital  radio  in  subscriber  service  is  almost  iden- 
tical to  the  trunk  application.   Lew  density  digital  radio  can  be 

used  to  serve  pockets  of  subscribers-  Digital  radio  can  be  used  in  con- 
junction with  ether  digital  hardware  such  as  subscriber  carrier,  concentra- 
tors and  RST's.  The  digital  radio  signal  can  easily  be  separated  into  DSl 
signals  and  extended  over  Tl  span  lines. 

5.6  Miscellaneous  Digital  Bcruirment:  TWo  other  types  of  digital  equipment 
to  be  discussed  are  autcmatic  protection  switches  and  maintenance  and 
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test  systons. 

5.6.1  Autonatic  Protection  Switches:  Automatic  protection  switches  (APS) 
were  developed  initially  for  high  density  analog  radio  systans  to 

achieve  very  hi(^  service  reliability.  The  inherent  nature  of  digital 
systems  provides  for  low  cost  APS  systans  to  protect  small  channel  quan- 
tities. Digital  APS  systaiis  are  available  for  paired  cable  systems, 
li^twave  systems  and  radio  systems.  They  are  arranged  to  protect  in  levels 

or  groups,  beginning  at  the  basic  DSl  bit  rate.   The  digital  bit  stream 
is  transferred  to  an  alternate  path  when  the  main  path  becomes  unusable. 
Error  detection  and  transfer  is  fast,  and  circuits  maintain  service  contin- 
uity. REA  Specification  PE-60c  covers  a  universal  APS  for  Tl  span  lines. 
Automatic  transfer  and  restoral  is  required.  There  are  systans  in  use 
that  are  not  universal  (require  special  interface  equipment)  and  that  do  not 
have  features  such  as  fast  speed  and  automatic  restoral.  These  systems  are 
limited  in  capability  and  are  not  generally  reconmended  for  use. 

5.6.2  Maintenance  Systems:  Digital  techniques  offer  enhanced  possibil- 
ities for  manual  and  automated  system  maintenance,  alarms  and 

testing.  The  initial  Tl  span  lines  were  designed  with  the  capability  to 
interrogate  repeaters  from  rsnote  locations.  StatiJis  reporting,  housekeeping 
functions,  alarms,  manual  and  automatic  testing  of  remote  terminals,  and 
other  features  may  be  integrated  into  the  equipment,  or  available  as  se- 
parate equipment.  Advances  in  microprocessors  have  made  these  features  more 
versatile  and  more  economical.  Available  equipment  ranges  from  sinple,  low 
cost  units  to  complex,  costly  systans. 

5.7  Future :  Standardizaticn  has  been  a  primary  key  to  the  success  of 

digital  transmission  systans  applied  to  paired  cables.  Standardization 
is  limited  in  integrated  digital  transmission  and  switching  systans,  and 
for  the  onerging  technologies  such  as  lightwave  systems.  Premature 
standardization  could  severely  slow  the  rapid  development  pace  of  these 
anerging  systans.  This  should  not  be  a  major  concern  so  long  as  partial 
standardization  provides  for  the  economical  use  of  these  systems.  Such  is 
the  case  for  optical  fiber  systems  which  are  not  standardized  on  an  optical 
basis,  but  can  be  electrically  interfaced  at  standard  DS  levels.  However, 
the  economics  expected  from  integrated  digital  subscriber  systems  may  not 
fully  materialize  because  of  the  lack  of  standardization.  It  is  for  this 
reason  that  digital  si±)scriber  carrier,  digital  concentrators  and  other  non 
integrated  digital  subscriber  equipment  will  continue  to  maintain  a  strong 
role  in  subscriber  service. 
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FIGURE  1 

STANDARD  DIGITAL  HIERARCHY 


DSXl 
(Tl) 


DSX2 
(T2) 


DSX3 
(T3) 


DSX4 
(T4) 


^h- 


DSXl 
(Tl) 


DSXIC 
(TIC) 


DSXl 
(Tl) 


s^^^ 


1— 1 

m 

■i-> 

•H    W 

CP  o 

•H    U 

o 

1 

\ 

cc: 

\ 

D 

\ 

Analog 
COE 

1 

/ 

/ 

(D 

I— I 

•H  ^ 
fC  D 

g° 

Ui  P 
Q)  ^ 

en 
o  ^ 

rH      C 

^B 

CD  U 
(J    CD 

■H 

G   ^ 

P-,  ro 
m  U 


to  fd 

-u  -P 

•H   -H 

D  a 

•H   -H 
P    P 


(D 

■H 
S-. 
S-l 
fO 

u 

o 

-p 

^1 

(D 

-H 


-P 

CO 


u 

+J 

u 

, , 

(/.' 

n 

8 

X 

CI) 

dS^ 

0 

•H 

tH 

tn 

^ 

a 

k 

en 

•H 

-P 

u 

•H 

•^ 

h 

rH 

UJ 

in 

cu 

0 

^ 

UJ 

§ 

^ 

> 

CD 

•H 

fe 

iH 

0 

u 

^ 

-P 

rH 

c5 

-^ 

•n 

t7 
■H 

-P 

J 

4J 

P 

•H 

•H 

0   D' 

0' 

CU 

•H  -H 

(' 

•d 

rH 

TD    P 

•H 

U 

^ 

CO 

T^ 

aj 

D^    0 

-P 

^ 

^> 

L' 

rH 

fO 

iH 

i5R^ 

^ 

^ 

•H 

•H    rH 

tH 

-b 

^ 

•^^^■:3  8 

) 


II 


m 


u 

CO 


m 


I 


m 


u     , 


g 


.^ 


II 


9 


u 

CO 


ii 


Eh 
CO 

a; 


"■^^^a 


g 


(D    (D    0) 
-P    S-i   o 

-H    -P   -H 
•H     0)  m 

QUO 


CO    I 

a:  ! 

I 


CO 


I 


Q 


CO 


u 

CO 


0 


u 
o 

4-> 

U 

■P 

c 

Q) 
U 
C 
O 
U 

0) 

c 

■H 


-P 


-9  "^ 

CO   Oi 


c 

CO 


u 
^  a:  CO 

•H  .H  M 
H   fO    fO 

-Q  Di  Di 

P  -H   -H       

W  Q    Q    Q    Q    Q 

II      II      II      II      II      II 


fO    fO    rO 
-P  -P  4-1 

■H   -H    -H 

Di  D  Di 


? 


Eh 


^^ 


CO 


CO  Q 


«A 


i 


c 

•H 

o 


5S 


4-1    f^ 
I— I 

(U   -H 

u  nj 

•ri  > 
o  ro 

> 

•H 

O  OJ 

nH      0 

fd  ro 
C  M-i 
rd  s-i 

(D 

■H 

(1)    g 

q;   OJ 
-P    *-' 

^^ 


APPENDIX  A 


PCM  CARRIER  FUNDAMENTALS 


) 


A  pulse  code  modulaticn  (POM)  carrier  systan  ccnverts  the  continuously 
changing  (analog)  voice  signals  into  coded  pulses  at  a  periodic  sampling 
rate.  These  piolses  are  transmitted  over  cable  pairs,  reconstructed 
when  they  becorrE  weak,  and  decoded  at  the  distant  end.  The  D3  POyi 
terminal  and  Tl  span  line  will  be  used  to  illustrate  this  process, 
beginning  with  time  division  multiplexing. 


Time  Division  MiiLtiplex 


24  O 


o  o 

Terminal  A 


23       O    O 

Tterminal  B 
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A  D3  PCM  carrier  system,  has  24  channels  or  voice  paths.  Switches  or 
gates  at  both  terminal  ends  must  be  synchronized  so  that  channel  1 
sarrples  of  Terminal  A  are  received  by  channel  1  of  Terminal  B.  Each 
channel  is  sampled  at  8,  000  tiires  per  second  which  is  controlled  by 
a  precise  clock. 

A  voice  signal  is  sanpled  and  converted  into  discrete  voltage  levels 
as  shown. 


This  is  called  pulse  anplitude  modulation  (PAM) 


Al 


^' 


') 
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These  PAM  signals  are  fed  into  a  PAM  bus  frcm  each  diannel  in  sequence. 


Ch  1 


Ch  2 


Qi  3 
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Each  PAt'd  signal  is  ccxiverted  into  "bits"  of  encoded  information.  Each 
groi-p  of  bits  represents  a  specific  PAM  voltage  level.  This  is  called 
binary  coding. 

Binary  Coding 

Binary  refers  to  two  possible  states  — 

ON  or  OFF  1  or  0  PULSE  or  NO  PULSE 

Binary  is  a  sinple  nijr±)ering  system  using  a  base  number  of  two.  Binary 
coding  is  easily  adapted  to  semiconductor  technology,  and  is  an  efficient 
method  of  storing  and  trananitting  information.  By  using  ones  and  zeros, 
any  number  can  be  stored  and  transmitted. 

With  1  digit  or  store,  we  can  count  2.  numbers 

2  digits:      2x2  =  4.  numbers 

3  digits:     2x2x2=8  numbers 

4  digits:     2x2x2x2=16  numbers 
The  maximum  number  doi±>les  with  each  digit. 
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Binary  coding  is  used  in  PCM  carrier  systems.  A  "1"  represents  a  pulse 
or  "on"  condition,  and  a  "0"  represents  a  no  pulse  or  an  "off"  condition. 
A  3  bit  code  can  be  used  to  represent  8  information  levels,  or  to  count 
fran  0  to  7.   (Zero  is  an  info  motion  level  or  nuirber.) 


Nuntoer 


Binary  Code 


0 
1 
2 
3 
4 
5 
6 
7 


000 
001 
010 

on 

100 
101 

no 
111 


This  is  another  exarrple  of  a  3  bit  code  with  +  and  -  levels  or  numbers. 


Nur±)er 

Binary  Code 

0 
-1 

^ 

001 

-2 

010 

-3 

Oil 

0 

100 

+1 

101 

+2 

110 

+3 

111 

CMIT 


75) 


The  first  bit  defines  polarity;  +  is  1  and  -  is  0.  The  next  two  bits 
count  from  zero  to  3.  Only  one  code  is  needed  for  zero.  Generally 
the  all  zero  code  is  omitted  so  that  pulses  will  be  available  to  drive 
the  system  clocks. 
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There  are  8  possible  levels  for  a  3  bit  code.  Each  added  bit  doubles 
the  possible  code  levels.  There  are  8  bits  in  the  D3  encoding  used 
today.  This  allows  for  256  possible  levels.  The  D3  system  uses  127 
"+"  levels,  127  "-"  levels,  and  zero,  or  255  levels  or  codes. 


Each  PMA.  signal  is  converted  into  8  bits  of  encoded  infonnation  for  each 
channel.  For  exairple: 


Channel 

Bit 

1 

2 

3 

4 

5 

6 

7 

8 

1 

Code 

1 

0 

0 

1 

1 

1 

0 

1 

2 

0 

1 

1 

0 

1 

0 

1 

1 

3 

ETC. 

Bit 

1 

2 

3 

4 

5 

6 

7 

8 

Weight 

+ 

64 

32 

16 

8 

4 

2 

1 

Bit 

Ch  1 

Ch  2 

1 

+ 

— 

2 

0 

64 

3 

0 

32 

4 

16 

0 

5 

8 

8 

6 

4 

0 

7 

0 

2 

8 

1 

1 

Value 

+29 

-107 

A  "1"  represents  a  pulse  and  a  "0"  represents  a  no  pulse  condition. 
(This  is  further  discussed  under  "Encoding".) 

The  bits  appear  on  the  PCM  buss  as  unipolar  pulses  (in  groups  of  8)  in 
proper  channel  sequence. 

Bl  B8  Bl  B8 

I      Ml    IMM    il   - 


Ch  1 


->K- 


(+29  Code) 


Ch  2    >^- 

(-107  Code) 


Ch  3 


The  sairpling  of  24  channels  is  called  a  frame.  An  extra  information 
bit  is  added  at  the  end  of  each  frame,  and  is  called  the  framing  bit. 

I     IN    I II    Mill 


Ch  1 


Ch  24 


Framing  Bit 


There  are  8  bits  per  channel  times  24  channels  equals  192  bits,  plus 
one  framing  bit  equals  193  bits  per  frame. 

193  bits  per  frane  tiires  8,000  sanples  per  second  equals  1,544,000 
bits  per  second. 
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The  unipolar  pulses  are  then  converted  into  bipolar  pulses,  alternating 
in  polarity  (alternate  bipolar  pulses) . 


Unipolar 


Bipolar 


I      Ml    I 
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Bipolar  pulse  transmission  has  advantages  over  unipolar  pulse  trans- 
mission. 

1.  Power  is  concentrated  near  772  kHz. 

2.  Low  frequency  power  is  reduced  (no  dc)  . 

3.  High  frequency  power  is  reduced. 

4.  Errors  can  easily  be  recognized. 

As  the  pulses  are  transmitted  along  the  cable,  they  becoire  weak  and 
distorted.  The  repeater  will  sample  the  inccming  signal  1,544,000  tines 
per  second  to  detennine  if  there  is  a  pulse  or  no  pulse  condition.  If 
there  is  a  pulse  present  at  the  input,  a  new  pulse  of  the  sane  polarity 
will  be  generated  at  the  output.  The  sampling  rate  is  controlled  by  a 
clock  (tuned  circuit)  and  the  decision  level  is  controlled  by  a  threshold 
detector  within  each  repeater. 


flJlJl 


Input 


Repeater 


Output 


At  the  distant  terminal,  the  8  bit  coded  groups  are  converted  back  into 
PAM  signals,  distributed  to  the  proper  channels,  and  filtered  (low  pass 
filter)  to  restore  the  analog  voice  signals.  Seme  distortion  is  added 
to  the  voice  signal.  This  distortion  is  a  function  of  the  terminal 
equipment  basic  design.  Unlike  analog  systems,  noise  and  distortion  are 
not  added  along  the  transmission  path. 

A  simplified  sketch  of  a  PQl  transmitter  and  receiver  is  shown  on  the 
next  page. 
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A  PCM  carrier  system  is  a  two-way  four-wire  transmission  system.  The 
functions  are  dijplicated  at  both  ends.  A  voice  frequency  4  wire 
termination  set  is  used  to  combine  the  carrier  transmit  and  receive 
signals  at  the  cable  pair  (2  wire) . 


VF 


Ficiminq 

The  framing  bits  are  used  to  synchronize  the  transmitter  and  receiver. 
The  framing  bits  are  generated  in  the  transmitter  and  separated  in  tte 
receiver  for  proper  tiining  and  framing.  These  framing  bits  are  in  a 
special  sequence  of  pulses  and  spaces  for  12  framss.  The  12  fraires 
are  called  a  super  frame. 


1 

1 

2 

3 

4 

-^ 

6 

7 

8 

9 

10 

11 

12 

Frame 

0 

0 

0 

1 

1 

0 

1 

1 

1 

0 

0 

Framinq  Bits 

_ 

A 

B 

Signaling  Channel 

Signaling 

One  of  the  8  voice  bits  (B8  -  the  least  irrportant)  is  used  for  signaling 
each  6th  frame.  The  PCM  voice  encoding  is  actually  7  5/6  bit  encoding 
or  almost  8  bit  encoding. 

There  are  tvvo  signaling  channels.  Each  voice  channel  transmits  one  bit 

of  signaling  during  the  6th  fraire  (signaling  channel  A)  and  another  signaling 

bit  during  the  12th  frame  (signaling  channel  B) .  Each  signaling  channel 

CCTitains: 

8000  +  6  =  1333  bits  per  second. 

The  signaling  channels  transmit  all  of  the  dialing,   ringing,    and  super- 
visory infomnation  from  one  terminal  to  the  other. 
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(Note:  The  voice  encoding,  framing  and  signaling  foreiet 
are  well  defined  for  a  D3  PCM  trunk  carrier  system. 
There  are  variations  in  the  framing  and  signaling  foremat 
for  PQ4  subscriber  carrier,  PCM  carrier-concentrators  and 
digital  class  5  central  offices  of  different  manufacturers.) 


\ 


Qicoding 

PCM  carrier  uses  nonlinear  encoding.  With  earlier  D3  terminals,  this 
is  acconplished  by  a  conpandor  (cotpressor  and  expander)  and  a  linear 
encoder  and  decoder.  Later  D3  (or  D4)  terminals  utilize  a  nonlinear 
encoder  and  decoder.  The  same  nonlinear  encoding  results  from  either 
method.  Much  iirprovanent  in  voice  c[uality  with  fewer  coding  steps 
results  from  this  nonlinear  encoding.  The  coding  steps  are  small  for 
low  level  sanples  and  larger  for  high  level  sanples.  The  coding 
steps  are  determined  by  a  coirpanding  law  of  y  =  255. 

There  are  two  possible  states  for  each  "bit"  of  information.  They 
are  expressed  as  pulse  or  no  pulse,  on  or  off,  one  or  zero.  Two  bits 
have  4  possible  combinations  or  levels,  3  bits  have  8  possible  levels, 
and  8  bits  have  256  possible  levels.  This  is  called  binary  coding. 
Codes  represent  127  positive  levels,  127  negative  levels  and  zero. 
This  utilizes  255  of  the  256  possible  codes;  the  all  zero  code  is  not 
used.  Of  the  8  bit  groiro,  the  first  (Bl)  represents  polarity;  the 
second  (B2)  represents  the  largest  value  and  the  last  (B8)  represents 
the  smallest  value.  Thus,  Bl  is  the  most  inportant  bit  and  B8  is  the 
least  inportant.  Eac±i  8  bit  code  can  be  converted  into  a  positive 
or  negative  voltage  sanple  of  a  specific  value. 


Repeater 

A  PCM  repeater  contains  two  regeneraters  (A) ,  a  power  supply  (B) ,  inter- 
regation  circuits  (C) ,  and  electrical  protection  (shown  later) . 


East 
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Reqenerai-nr 

The  regenerator  sanples  the  innm-  =<-  „       • 

new  pulses  of  thelL^  pSLSfat  thf  ^T^""*^^^  ^"3  regenerates 
The  POl  span  line  signafaSema^L  Se  Sf  '^  descrited  earlier, 
pulse.     Two  pulses  of  the  s^SSrf^,!  Polarity  of  each  generated 
occurred.     A  bridging  ermr^tSto  .^L^"^''?:^^  *^*  ^  ^""'^  ha^ 

si-^s-- --- p^F™^^  °^ 

n^lUon  .its.     ^s  -4":?^"^^—  ^^  ^  -- on^o^t^of^.„e 
Repeater  Pr>T.ror- 

ituTon^^^  ^Itt-ce^^  ^,:-j-  ---t  ca^le  pair  and 

^L--ssv:iLTis-s  SwTsiSrrl^^-^  ^--"s"' 


Repeater  Interrnrpt-s^.. 

-ta^SS^s^SSf  :,j^^^^^^  digital  .It  st^ea. 

and  transmitted  down  the  sS  iSe      iS^f  ^^  ^^  """^  ^^^^^^  °ffi^ 
m  the  third  winding  of  tS^^a^r  ^nntT''''  f^"^^^^  ^^  ^^^^^ed 
a  voice  frequency  filter.     l^feTe  °f  f^,^^^f°^^  and  passed  thr.>ugh 
patterns.     Each  repeater  locaSon^es  a  d.  f f       associated  with  the  erro? 
in  iTost  cases  of  span  line  tS^SleT  the  feuftf       ""T^  frequency  filter, 
frcm  the  c^tral  office.         ■^^-^^'  ^he  faulty  repeater  can  be  determined 


Central  Office 


Repeater  No.   1 


Repeater  No.   2 


J  Fl,   F2  and  F3  are  voice  frequency  filters. 
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The  interrogation  test  set  consists  of  a  pulse  generator  and  a  voice 
frequency  selective  voltmeter.  The  pulse  generator  output  is  con- 
nected to  the  transmit  side  of  the  span  line,  and  provides  the  span 
line  driving  signal.  The  test  set  receiver  is  connected  to  a  fault 
location  pair;  this  is  a  voice  frequency  cable  pair  (loaded  or  nonloaded) 

The  pulse  generator  output  consists  of  trios  of  pulses  with  a  large 
quantity  of  bipolar  violations.  These  are  transmitted  in  specific 
patterns  of  positive  trios  (positive -negative-positive)  and  negative 
trios  (negative-positive-negative) .  These  positive  and  negative  trios 
alternate  at  a  voice  frequency  rate. 


H- 


Positive 


>H- 


■ Negative 


.1.  U  U  U  U  J.  ,1,  J 


n  II 


m 


Filtered  Pulses 


One  Voice  Frequency  Cycle- 


If  the  repeaters  are  operating  properly,  the  trios  will  be  regenerated 
and  transmitted  to  the  next  repeater.  A  portion  of  the  repeater  output 
is  coupled  into  the  interrogation  winding.  This  is  filtered  and  con- 
nected to  tie  fault  location  cable  pair.  At  the  central  office,  the 
fault  location  pair  is  measured  for  receive  level  at  one  of  the  twelve 
voice  frequencies  corresponding  to  filters  Fl  through  F12.  A  faulty 
repeater  is  detected  by  no  received  signal  or  by  a  low  receive  level. 

With  this  system,  office  repeaters  (at  both  ends)  and  eleven  line  re- 
peaters can  be  interrogated  using  one  fault  pair.  Additional  repeaters 
can  be  interrogated  using  additional  fault  pairs. 

Other  interrogation  schemes  utilize  the  saire  twelve  frequencies  and 
anplifiers  in  arrangements  that  provide  for  interrogation  in  both  directions 
from  one  or  both  central  offices  (loop  around  interrogation) ;  or  arranged 
to  interrogate  up  to  24  repeaters  over  one  interrogation  pair  (in  one 
direction)  . 

When  carrier  system  acceptance  tests  are  made,  it  is  inportant  to  include 
the  interrogation  system.  The  acceptance  test  data  can  be  used  as  a 
benchrmrk  to  better  interpret  the  fault  location  data  at  a  later  time. 
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1.1  This  section  provides  REA  borrowers,  consulting  engineers  and 
other  interested  parties  with  infomation  on  digital  transmission 

systOTTs.  It  contains  a  glossary  of  digital  transmission  terrrdnologv 
This  section  is  intended  as  a  conpanion  reference  section  for  other^ 
TE&CM  sections  on  digital  transmission  systen^  (950  and  960  series) . 

1.2  Digital  teminology  is  scmewhat  unique.  The  digital  terminology 
currently  used  in  telephony  has  evolved  from  the  fundamentals  and 

hierarchy  established  by  the  Bell  Syston  in  the  early  1960 's.  Sometimes 
the  terminology  applied  to  digital  transmission  has  a  slightly  different 
errphasis  than  when  the  same  term  is  applied  to  switching  or  computer 
systans.  For  addi tonal  informaUon,  TE&CM  Section  324  covers  digital 
terminology  as  applied  to  switching  and  related  areas. 

1.3  Appendix  A  contains  a  list  of  terminology  as  applied  to  digital 
,^  ^  transmission  systems.  It  describes  the  terminology  in  the  manner 
that  It  IS  cannonly  used.  It  is  not  intended  as  a  complete  and  precise 
definition  of  digital  terms.  It  should  be  useful  to  engineers  and  crafts- 
persons  m  providing  a  better  understanding  of  digital  transmission  systen^ 
Often  an  abbreviated  form  of  a  term  will  be  shown  first  to  establish 

the  relationship  of  a  series  of  terms  (i.e.,  "D",  "DS",  "M",  "T"  etc  ) 
The  list  of  terms  is  necessarily  incomplete;  a  canplet4  listing  could* 
comprise  a  book.  ^ 


REA  TE&CM  951 
Page  2 


APPENDIX  A 
DIGITAL  TRANSMISSION  TERMINOLOGY 


Alternate  Bipolar  Pulses:  A  digital  bit  stream  where  pulses  alternate 
in  polarity  with  each  successive  pulse. 

Analog:  Analog  refers  to  a  continuously  variable  signal.  An  analog 
carrier  system  refers  to  modulation  on  a  continuous  basis  (noninterrupted)  . 
\^/hen  used  in  digital  system  discussions,  the  term  analog  usually  refers 
to  voice  signals  before  encoding. 

A-D:  A-D  is  an  abbreviated  term  for  an  analog-to-digital  converter. 
Analog  signals  applied  to  the  A-D  input  are  converted  to  a  digital  output. 
A  codec  (encoder-decoder)  contains  an  A-D  and  D-A  converter;  scmetimes  the 
term  A-D  is  used  to  describe  both  A-D  and  D-A. 

APS:  APS  is  an  abbreviation  for  automatic  protection  switch.  The  APS 
switches  digital  span  line  traffic  to  a  spare  span  line  in  the  event  of 
a  failure  on  the  systan  main  span  line.  The  APS  "protects"  the  digital 
systan  fron  failure.   (This  has  been  referred  to  as  a  span  line  transfer  system 
in  the  past.) 

Asynchronous :  Not  synchronous;  digital  information  that  is  not  synchronized 
to  a  master  clock. 

Binary:  Binary  refers  to  two  possible  states  such  as  on  or  off,  one  or 
zero,  mark  or  space,  pulse  or  no  pulse.  Pulse  code  modulation  (PCM)  systems 
use  binary  encoding  for  transmission. 

Bipolar:  Bipolar  refers  to  two  polarities,  positive  and  negative.  Bipolar 
pulses  are  generally  transmitted  over  cables  or  other  transmission  media. 
Most  transmission  systems  ciirrently  utilize  "alternate  bipolar  pulses", 
that  is,  pulses  that  alternate  in  polarity  with  each  successive  pulse.  Infor- 
mation is  not  contained  in  the  pulse  polarity.   (See  Ternary.) 

Bit:  A  bit  is  a  binary  digit,  or  one  unit  of  digital  information.  Most  of 
the  current  PCN  systons  (i.e.,  D3)  transmit  a  group  of  8  bits  of  information  . 
to  form  a  PQA   "word" .  A  PCM  "word"  can  be  decoded  into  a  specific  voltage 
level  to  reconstruct  an  analog  signal. 

Bit  Rate;  The  speed  at  which  bits  are  transmitted,  usually  expressed  in 
kilobits  and  megabits  per  second  (kb/s  and  Mb/s)  for  digital  transmission 
systems . 

Bit  Stream:  A  series  of  bits  that  generally  occur  serially  in  time  at  a 
uniform  rate. 

Buffer;  An  isolation  circuit.  In  digital  oomiiuni cations,  a  buffer  store 
or  elastic  store  is  a  temporary  storage  unit  for  digital  information  (a 
tarporary  memory  for  binary  digits)  .  Buffer  stores  are  used  in  digital 
transmission  and  switching  systans  for  storage  and  retransmission;  the 
input  and  output  speeds  of  the  device  may  be  different.  An  example  is  a 
digital  maltiplexer  that  is  used  to  ccmbine  asynchronous  bit  streams  into 
a  higher  bit  rate  signal. 
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A  sequence  of  bits  processed  as  a  unit  and  usually  shorter  than  a 

Channel  Bank:  Terminal  equipment  that  digitally  encodes  and  decodes  ana- 
log signals  into  a  digital  bit  stream.  Channel  banks  are  generally  ar- 
ranged in  24  channel  groups,  or  multiples  of  24  channels.   (See  "D"  also.) 

Clodi:  A  device  that  generates  periodic  signals  at  a  uniform  rate  for 
unit  or  system  synchronization. 

Codec:  An  abbreviated  term  for  an  encoder  and  a  decoder.   (Refer  to 
Encoder  and  Decoder.) 

Coder:  See  Encoder. 


Canpandor:  A  ocmpandor  is  an  abbreviated  term  for  a  compressor  and  ex- 
pander. Early  PCM  carrier  systens  utilized  compandors  and  linear  encoders 
to  achieve  nonlinear  encoding  steps.   (The  digital  system  coirpandor  is  an 
instantaneous  canpandor  to  achieve  nonlinear  encoding,  and  should  not  be 
confused  with  syllabic  corpandors  used  in  analog  systons.)  Later  PQ1  car- 
rier systans  utilize  nonlinear  encoders  to  achieve  the  same  (or  iirproved) 
results.  Nonlinear  encoding  (by  using  either  a  compandor  or  direct  non- 
linear encoding)  provides  much  improvement  in  voice  quality  with  fevxrer 
coding  steps.  Many  times  the  same  number  of  coding  steps  would  be  required 
to  achieve  the  same  quality  with  equal  coding  steps.  The  coding  steps  are 
small  for  lew  level  samples  and  larger  for  high  level  samples.  The  coding 
steps  for  D2,  D3  and  D4  systeirs  are  determined  by  a  ccmpanding  law  of 
y  =  255  (North  American  Standard)  . 

Concentrator:  A  switching  imit  that  provides  subscriber  lines  at  seme 
distance  frcm  the  central  office  over  a  smaller  number  of  trunks.  The 
concentration  is  generally  in  the  order  of  4  to  1  or  6  to  1.  The  term, 
concentrator,  generally  refers  to  a  unit  that  is  separate  from  the  central 
office  (and  not  an  integrated  system)  . 

Crash  Point:   In  digital  transmission  systems,  there  is  a  sharp  transition 
between  proper  operation  and  failure.  As  the  signal-to-noise  ratio  de- 
creases to  a  critical  point,  the  system  rapidly  goes  frcm  a  satisfactory 
condition  to  a  failed  condition.  The  transition  from  the  satisfactory  to 
failed  condition  is  the  "crash  point". 

D:  The  "D"  designation  (Dl,  D2,  D3,  etc.)  or  D  bank  refers  to  the  channel 
bank  or  terminal  equipment  of  PCM  carrier  systans.  Refer  to  Dl,  D2,  etc., 
for  specific  channel  bank  information. 

Dl:  The  Dl  channel  bank  operates  at  a  1.544  Mb/s  rate  to  provide  24  voice 
channels.  The  Dl  channel  bank  utilizes  7  bit  nonlinear  voice  encoding  to 
derive  127  possible  coding  levels.  The  nonlinear  coding  steps  are  deter- 
mined by  a  ccmpanding  law  of  y  =  100.  There  are  8  bits  assigned  to  eadi 
voice  channel  per  frame  in  PCM  systems  (8  bit  words)  .  Bits  one  through 
seven  are  use  for  voice  encoding  and  the  eighth  bit  is  used  for  signaling. 
Dl  channel  banks  are  arranged  for  DlA  and  DIB  signaling  modes.   (Note:  DID 
IS  a  modified  Western  Electric  channel  bank  for  use  in  D2  and  D3  applications.) 
The  Dl  channel  sequence  is  1,  13,  2,  14,  3,  15,  etc. 

DlA:  The  DlA  describes  a  signaling  mode  of  a  Dl  channel  bank.  The  DlA 
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channel  bank  used  one  of  the  eight  bits  assigned  per  channel  each  frame 
to  provide  one  signaling  channel  for  each  voice  channel.  Some  PCM 
channels  require  two  signaling  channels.  To  acccmplish  this  with  DlA 
channel  banks,  a  bit  normally  assigned  for  voice  encoding  is  used.  This 
leaves  only  6  bits  for  voice  encoding,  resulting  in  greater  noise  and 
distortion  during  this  signaling  condition. 

DIB;  The  DIB  describes  a  signaling  mode  of  a  Dl  channel  bank.  The  DIB 
divides  the  eighth  bit  into  four  segnents  (a  super  frame  of  four  frames) 
to  provide  two  signaling  channels.  This  alleys  all  seven  remaining  bits 
to  be  used  for  voice  encoding  at  all  times. 

DID;  The  Western  Electric  DID  channel  bank  is  a  Dl  channel  bank  modified 
to  obtain  D3  voice  quality.  The  Independent  manufacturers  utilize  D3 
channel  banks  to  meet  DID  application  requirements  by  changing  the  channel 
sequence  from  1,  2,  3,  4,  etc.,  (for  D3)  to  1,  13,  2,  14,  etc.,  (for  Dl) . 
This  change  is  accoirplished  by  a  plug-in  card  or  by  change  of  channel  bank 
backplane  wiring,  depending  on  the  specific  type  and  age  of  equipment. 

D2:  The  Western  Electric  D2  channel  bank  is  the  first  of  a  series  (D2, 
M  and  D4)  of  channel  banks  designed  to  improve  voice  quality.  The  D2 
channel  bank  utilizes  8  bit  nonlinear  voice  encoding  to  derive  255  possible 
coding  levels .  The  nonlinear  coding  steps  are  determined  by  a  conpanding 
law  of  y  =  255.  TWo  signaling  channels  are  provided  by  "robbing"  the  least 
significant  voice  bit  every  sixth  frame.  On  the  sixth  frame,  signaling 
channel  A  is  transmitted;  and  on  the  12th  frarre,  signaling  channel  B  is 
transmitted.  IWelve  frames  are  a  super  frame,  and  the  sequence  repeats. 
The  Western  Electric  D2  is  designed  in  96  channel  groups  for  Tl  appli- 
cation (24  channels)  and  T2  application  (96  channels) .  The  Independent 
rrenufacturers  responded  to  Independent  telco  needs  by  designing  compatible 
D2  channel  banks  in  24  channel  groups.  The  D2  channel  sequence  is  12,  13, 
1,  17,  5,  21,  etc.  Independent  iranufacturers  equipment  can  be  arranged 
fir  D2  or  D3  (or  DID)  application  by  changing  the  channel  sequence  (and 
perhaps  other  minor  considerations) . 

D3:  The  Western  Electric  D3  channel  bank  is  designed  in  24  channel  groups 
for  Tl  application  to  provide  the  same  voice  quality  of  D2  channel  banks. 
(Refer  to  D2  for  voice  encoding,  framing,  etc.)   The  channel  sequence  is 
1,  2,  3,  4,  etc.  The  Independent  manufacturers '  D2  was  easily  redesigned 
to  cover  both  D2  and  D3  applications.   (Field  modification  of  early  D2 
systenrs  for  D3  application  were  scmetiires  aw]<ward  to  acccnplish.) 

D4-  The  D4  type  channel  bank  is  designed  in  48  channel  groups  for  Tl,  TIC 
and  T2  span  line  application.  The  D4  channel  bank  is  essentially  a  lower 
cost,  smaller  cortoined  packaging  of  t^o  D3  channel  banks  (24  channels  each)  . 
The  D4  channel  bank  is  arranged  for  five  modes  of  operation,  with  Mode  i 
being  the  same  as  two  D3  channel  banks.   (Refer  to  D4,  Mode  1,  Mode  2,  etc.) 

D4  Mode  1-  In  D4,  Mode  1,  48  channels  are  combined  and  operated  at  the 
DSIC  level  over  a  TIC  span  line  (3.152  Mb/s) .  The  transmit  unit  combines 
two  synchronized  DSl  signals  (1.544  Mb/s  each)  and  adds  framing  bits 
(64  kb/s) .  Both  24  channel  groups  are  synchronized. 

D4,  Mode  2:  In  D4,  Mode  2,  48  channels  are  conbined  as  if  they  were  two 
D3' channel  banks  (synchronized,  or  nonsynchronized) .  Two  groups  of  24 
channels  (at  1.544  Mb/s)  are  combined  using  an  MlC  equivalent  multiplex 
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and  operated  at  the  DSlC  level  over  a  TIC  span  line  (3.152  Mb/s) .  The 
distant  terminal  consists  of  two  colocated  or  separate  D3  type  channel 
banks  and  an  l^llc  multiplexer.  Mode  2  differs  from  Mode  1  in  that  Mode  2 
uses  an  MlC  frame  format  and  that  the  24  channel  groups  do  not  require 
synchroni  zation . 

D4,  Mode  3:  In  D4,  Mode  3,  48  channels  are  operated  independently  the 
same  as  two  separate  D3  channel  banks  over  two  Tl  span  lines  (1.544  Mb/s)  . 

D4,  Mode  4;   In  D4,  Mode  4,  two  colocated  48  channel  D4  groups  are  com- 
bined and  operated  at  the  DS2  level  over  a  T2  span  line  (6.312  Mb/s) . 
The  distant  end  could  be  D4,  Mode  4;  or  could  be  at  one  to  four  terminal 
locations  of  24  channel  groups  operated  over  Tl  span  lines  (1.544  Mb/s) 
and  combined  with  an  M12  multiplexer  at  a  canmon  location. 

D4,  Mode  5:  Mode  5  of  D4  is  the  same  as  Mode  4,   except  that  the  ES2  inter- 
face is  optical  rather  than  electrical.  TWo  colocated  48  channel  D4  groups 
are  combined  and  operated  at  the  DS2  level  over  an  optical  fiber  system 
at  6.312  Mb/s.  As  with  Mode  4,  the  distant  end  could  be  colocated  D4 
channel  banks;  or  could  be  at  one  to  four  terminal  locations  after  con- 
version from  an  optical  to  an  electrical  bit  stream. 

D^iA:  D-A  is  an  abbreviated  term  for  a  digital- to-analoq  converter.   (Refer 
to  A-D  also. ) 

Decoder:  A  digital  decoder  is  used  to  convert  a  binary  code  back  into  a 
/   voltage  level  or  segirent  of  analog  voltage  so  that  the  voice  signal  can 
be  reconstructed. 

Delta  Modulation;   See  DPOVI. 

Digital;  Digital  refers  to  quantities  that  are  represented  with  digits. 
Digital  transmission  systens  in  telephony  transmit  encoded  information  with 
binary  digits. 

Digital  COE;  Digital  central  office  equipment  is  a  stored  program,  canmDn 
control  switching  system  where  the  analog  information  is  encoded  into  binary 
digits  before  being  switched. 

Digital  Pad;  A  device  for  changing  the  digital  bit  stream  in  groups  of 
eight  bits  (digital  word)  that  will  result  in  a  predetermined  change  in 
the  decoded  analog  signal  level.  It  is  a  device" for  altering  a  digital 
bit  stream  to  acccmplish  a  change  in  analog  (voice  frequency)  level. 

Digital  Radio;  The  term  digital  radio  refers  to  the  baseband  mDdulation 

of  a  radio.  Digital  radios  are  modulated  directly  with  a  digital  bit  stream. 

Digroup:  A  digroup  refers  to  a  basic  POA   24  channel  group  (or  equivalent) 
operating  at  1.544  Mb/s. 


An  abbreviation  for  differential  pulse  code  modulation.  DPCM  is 


DPCM:  _  

technique  for  encoding  and  transmitting  changes  in  amplitude  of  an  analog 
signal.  This  is  often  called  delta  modulation  in  reference  to  the  fact 
that  the  encoded  signal  represents  a  change  in  amplitude  rather  than  an 
absolute  level. 
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DS:  The  "DS"  designation  (DSl,  DS2,  DS3,  etc.)  refers  to  the  digital 
signal  level  or  bit  rate  in  the  digital  hierarchy  (and  other  defined 
characteristics)  .  The  nurrtoer  follcwing  the  DS  notes  the  level  (bit  rate)  . 
DSl  refers  to  a  digital  signal  at  the  first  level  (1.544  Mb/s) .  A 
letter  following  the  DS  number  (such  as  C  in  DSlC)  refers  to  an  inter- 
mediate DS  level  that  was  included  after  the  initial  digital  hierarchy 
was  established. 

DSl:  DSl  refers  to  a  digital  signal  at  the  first  level,  or  1.544  Hb/s. 

DSlC:  DSlC  refers  to  a  digital  signal  at  a  rate  between  DSl  and  DS2. 
DSlC  specifically  refers  to  a  bit  rate  of  3.152  Mb/s. 

DS2;  DS2  refers  to  a  digital  signal  at  the  second  level,  or  6.312  Mb/s. 

D63:  DS3  refers  to  a  digital  signal  at  the  third  level,  or  44.736  Mb/s. 

DS4:  DS4  refers  to  a  digital  signal  at  the  fourth  level,  or  274.176  Mb/s. 

DSX:  The  "DSX"  designation  (DBXl,  DSX2,  etc.)  refers  to  a  defined  inter- 
face or  cross-connect  point  for  digital  signals.  The  bit  rate,  pulse 
shape  and  pulse  height  are  specifically  defined  for  interfacing  digital 
signals  at  terminals  and  transmission  systems.  DSXl  defines  the  DSl  signal 
interface.  The  DSX2  defines  the  DS2  signal  interface,  etc.   (Refer  to 
DSl,  DS2,  etc.,  for  digital  signal  bit  rates.) 

Duobinary:  Duobinary  imolies  a  combined  two  times  two,  or  four  level 
nuiTtoering  system.  One  duobinary  encoded  transmission  system  combines 
two  Tl  bit  streaiTB  to  double  the  information  rate,  but  with  a  paver  output 
spectrum  similar  to  that  of  a  Tl  system. 

Encoder:  A  digital  encoder  is  used  to  a  convert  a  voltage  sample  level 
or  segment  of  an  analog  (voice)  signal  into  a  binary  code.  The  binary 
code  represents  the  specific  voltage  level  of  the  sanpled  analog  signal. 

Enoineering  Loss:  Engineering  loss  refers  to  the  syston  design  cable  loss 
value  used  to  engineer  digital  span  lines.  Engineering  loss  values  pro- 
vide margin  for  the  highest  loss  cable  pair  and  the  highest  operating 
terrperature  (100°F  for  buried  cable  and  140Of  for  aerial  cable)  . 

FT-  The  designation  "FT"  is  the  optical  equivalent  to  the  designation 
^•'  used  for  digital  transmission  systere.  An  FTl  is  a  fiber  transrrassion 
system  operating  at  the  first  level  (CSl) ,  or  1.544  Mb/s.  An  Fr2  operates 
at  6.312  Mb/s,  etc. 

Frame-  A  frame  is  a  conplete  series  of  encoded  bits  containing  the 
^[^i^sary  information  to  reconstruct  the  information  for  all  channels  ot 
the  digital  groijp.  A  frame  contains  voice,  framing  and  possibly  sig-     _ 
naling  bits.  A  D3  channel  bank  frame  contains  24  channels  X8  bits/channel  - 
192  +  1  framing  bit  =  193  bits/frame.   (Also,  refer  to  super  frame.) 

Framing  Bit:  A  bit  used  for  frame  synchronization  purposes.  Framing  bits 
are  transmitted  in  a  repetitive  pattern  for  the  proper  alignment  of  infor- 
mation bits. 

Gate:  The  term  gate  is  used  in  many  ways  in  digital  systans.  It  most  often 
refers  to  a  controlled  path  (open  or  closed)  ,  the  timing  signal  that  controls 
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a  path,  or  a  logic  circuit  with  one  output  signal  as  a  function  of  mul- 
tiple inputs. 

Hardware;  Physical  equipment  canponents  of  a  systen. 

Integrated  Circuit:  Abbreviated  IC.  An  electronic  circuit  that  contains 
many  active  and  passive  conponents  such  as  transistors,  resistors,  ca- 
pacitoirs,  etc.,  in  a  small  functional  package  with  few  access  terminals. 
An  integrated  circuit  is  formed  on  a  single  "chip"  of  soni conductor  material. 

Integrated  Digital  Network:  A  network  of  digital  transmission  and 
switching  equipment  where  the  analog  signal  is  encoded  and  decoded  only 
once,  possibly  at  the  subscribers'  telephone  sets. 

Interface:  A  shared  boundary.  A  connecting  point  between  systans  or 
subsystQTB . 

Interrogation:  The  process  where  a  transmitted  signal  or  conbination  of 
signals  is  intended  to  trigger  a  response. 

Jitter:   Instability  of  a  signal.  In  digital  systems,  jitter  generally 
refers  to  an  irregular  digital  bit  stream  with  respect  to  frequency  or 
phase.  Jitter  can  be  caused  by  unstable  clocks,  interference,  etc. 

I^ast  Significant  Bit  (LSB)  :  The  bit  at  the  end  of  a  serially  transmitted 
binary  number  which  contains  the  smallest  amount  of  information. 

M:  The  "M"  designation  (Ml2,  M23,  etc.)  refers  to  digital  multiplex 
equipment  to  conrbine  Icwer  bit  rate  digital  signals  into  higher  bit  rate 
signals  in  the  digital  system  hierarchy.  M12  denotes  a  digital  multiplexer 
conbining  DSl  signals  into  a  DS2  signal,  etc.   (Refer  to  M12,  M23,  etc., 
for  specific  digital  multiplexer  bit  rates,  etc.) 

MIC:  An  MlC  multiplexer  canbines  t^o  DSl  signals  (1.544  Mb/s)  into  one 
DSIC  signal  (3.152  Mb/s) . 

M12:  An  Ml2  multiplexer  combines  four  DSl  signals  (1.544  Mb/s)  into  one 
DS2  signal  (6.312  Mb/s) . 

M13:  An  Ml3  multiplexer  combines  28  DSl  signals  (1.544  Mb/s)  into  one  DS3 
signal  (44.736  ^/D^/s)  .  This  is  likely  to  be  a  two  step  process  coirtoining 
the  equivalent  of  the  Ml 2  and  M23  multiplexers. 

M23:  An  M23  multilplexer  combines  seven  DS2  signals  (6.312  Mb/s)  into  one 
DS3  signal  (44.736  Mb/s) . 


An  M34  multiplexer  combines  six  DS3  signals  (46.304  Mb/s)  into  one 


M34; 

DS4  signal  (274.176  r4b/s) 

Microprocessor:  An  electronic  circuit  usually  contained  on  a  single 
integrated  circuit  or  "chip"  that  performs  a  predetermined  logic  or  con- 
trol function. 
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Most  Significant  Bit  (MSB):  The  bit  at  the  start  of  a  serially  trans- 
mitted binary  number  which  contains  the  largest  amount  of  information. 
The  MSB  represents  a  quantity  as  large  as  all  the  other  bits  combined. 

Nailed  Up  Circuit:  A  circuit  that  has  a  reserved  time  slot  in  the  bit 
stream  through  the  central  office  equipment  so  that  a  path  is  always  avail- 
able. 


NRZ:  An  abbreviaticn  for  nonretum-to-zero;  a  100  percent  duty  polar 
signal  \^ere  positive  represents  a  logic  one  and  negative  represents  a 
logic  zero. 

PAM:  An  abbreviation  for  pulse  amplitude  modulation.  PAM  is  acccmplished 
by  sampling  the  analog  (voice)  signal  at  predetermined  intervals  and 
transmitting  a  voltage  level  representing  the  amplitude  of  the  sampled 
signal.  PAVI  is  generally  a  preliminary  step  in  PCM  encoding. 

Pies iochronous :  The  relationship  of  two  signals  that  are  nominally  at 
the  same  rate,  and  with  variations  constrained  within  specified,  limits. 
(Note:  Pies iochronous  is  one  of  several  terms  that  describes  the  relation- 
ship of  signals  that  are  "almost  synchronous". 

PCM:  An  abbreviation  for  pulse  code  modulation.  PCM  is  one  form  of 
digital  encoding.  The  analog  (voice)  signal  is  sampled  at  a  predetermined 
rate  to  determine  the  instaneous  voltage  level.  Each  voltage  sample 
level  is  converted  into  a  binary  code  (I's  and  O's)  representing  that 
voltage  level.  In  telephony,  most  voice  encoding  uses  an  8  bit  non- 
linear code  with  127  positive  levels,  127  negative  levels,  and  zero. 
This  provides  for  255  total  encoded  steps,  onitting  an  all  zero  code. 

PSK:  An  abbreviation  for  phase  shift  keying.  PSK  is  a  modulation  tech- 
nique used  in  digital  transmission  systems  (especially  radio)  where  the 
phase  of  the  carrier  is  varied  in  discrete  increments  corresponding  to 
a  digital  input  signal. 

Pulse:  One  element  of  a  repetitive  signal,  generally  characterized  by 
rapid  rise  and  decay  times.   (Refer  to  PAM  and  PCM  also.) 

Pulse  Stuffing:  A  method  used  for  synchronizing  two  or  more  asynchronous 
bit  streams  in  a  multiplexer.  Extra  noninformation  pulses  are  inserted 
(stuffed)  as  required  at  the  nultiplexing  end  and  are  removed  at  the 
demultiplexing  end.  The  output  rate  of  the  synchronized  bit  stream  is 
greater  than  the  sum  of  all  inputs  to  the  multiplexer. 

Pseudorandom:  Appears  to  be  randan.  Satisfies  one  or  more  tests  for 
statistical  randonness,  but  repeats  a  pattern  after  a  long  tiine  interval. 
Pseudorandon  pulse  generators  or  noise  generators  are  used  in  digital 
systQTTS  for  testing  and  other  purposes.   (See  Quasirandan.) 

Quantizing:  Quantizing  is  the  attenpt  to  quantify  an  analog  si^^l  j;^^° 
^discrete  set  of  values.  The  nearest  coding  step  is  chosen  for  encoding, 
resulting  in  a  small  error.  When  a  series  of  encoded  steps  are  decoded 
to  reconstruct  the  analog  (voice)  signal,  a  small  quantizing  error  or 
quantizing  distortion  results.  Quantizing  distortion  is  measured  as  a 
ratio  of  signal-to-noise  (raUo  of  desired  to  undesired  signal)  ,  generally 
expressed  in  dB. 


REA  TE&OVI  951 
Page  9 


Quasirandon:  Nearly  randan.  Quasirandcm  code  generators  have  nearly 
randan  code  characteristics,  but  with  a  specified  long  interval  repetitive 
pattern.  Quasirandan  code  generators  are  used  in  digital  systans  for 
testing  and  other  purposes.   (See  Pseudorandon.) 

Random:  Irregular;  having  no  set  pattern.  In  a  digital  bit  stream,  ran- 
dan implies  that  there  are  no  repetitive  patterns  to  the  bits  transmitted. 
A  randan  bit  stream  causes  the  pcwer  to  be  spread  over  a  wide  frequency 
range.  Repetitive  patterns  of  bits  cause  peaks  of  power  within  certain 
bands  of  frequencies.  In  reality,  there  must  be  certain  repetitive  pat- 
terns such  as  framing  bits.  But  the  lc>7  density  of  framing  bits  mini- 
mizes the  poorer  within  narrcw  frequency  bands .   (See  Pseudorandom  and 
Qiiasirandcm. ) 

Regenerator:  A  digital  regenerator  restores  the  digital  signal  to  its 
original  shape  or  condition.  A  regenerating  repeater  samples  weak  and 
distorted  pulses,  determines  if  a  pulse  or  no  pulse  condition  exists  and 
reconstructs  a  new,  reshaped  (regenerated)  output  pulse  for  a  weak  incoming 
pulse.  Regenerator  is  often  used  to  describe  the  entire  digital  repeater 
and  is  also  used  to  describe  a  specific  portion  of  the  digital  repeater. 

RST:  An  abbreviation  for  remote  switching  terminal.  An  RST  is  a  digital 
switching  unit  located  at  a  distance  from  its  host  digital  COF  and  con- 
nected by  a  digital  bit  stream  on  a  trunk  basis,  in  effect,  RST's  are 
line  circuits  from  a  digital  COE  that  are  placed  at  remote  locations. 

Sampling:  Sampling  refers  to  measuring  or  comparing  a  portion  of  a 
signal  (analog  or  digital)  at  predetermined  intervals. 

Scrambling:  The  process  of  transposing  or  modifying  a  signal  at  the 
transnltting  end.  Scrambling  is  used  to  avoid  long  groups  of  consecutive 
zeros  or  repetitive  patterns  in  the  transrmtted  digital  bit  stream. 

Serial:  Refers  to  information  bits  in  series,  where  one  bit  follows 
another  in  time. 

Signal:  The  intelligence,  message  or  control  function  conveyed  over  a 
transmission  system. 

Signal-to-Noise:  A  ratio  of  desired  signal  to  undesired  signal,  generally 
expressed  in  dB.  Signal-to-Noise  (SA)  is  often  used  interchangeably  with 
Signal-to-Distortion  (S/D)  in  digital  systens  to  indicate  the  effects  of 
quantizing  an  analog  signal  into  discrete  steps. 

Soft^^are:  A  collection  of  prograne  and  operational  aids  associated  with 
a  computer  which  facilitate  its  prograirming  and  operation. 

Span:   The  sum  of  all  span  lines  between  two  locations. 

Span  Line:  Essentially  a  string  of  regenerators  between  two  locations. 

Super  Frame:  Super  frame  is  a  specified  group  of  frames  to  conplete  a 
series  of  required  events.   In  D3  channel  banks,  a  super  frame  is  twelve 
frames.  A  series  of  events  (signaling)  begins  anew  with  each  twelve  frames. 
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Synchronous :  In  step  or  in  phase  with  a  constant  time  interval  between 
bits.  In  digital  transmission  systems  it  irrplies  that  all  signals  are 
kept  in  step  by  the  same  clock. 

T:  The  "T"  designation  (Tl,  T2,  etc.)  refers  to  a  transmission  syston  or 
span  line  eqaipnent  in  the  digital  system  hierarchy.   (Refer  to  Tl,  T2, 
etc.,  for  specific  transmission  system  information  such  as  bit  rate  and 
the  number  of  voice  channels  normally  associated  with  that  bit  rate.) 

Tl:  Tl  refers  to  a  transmission  system  (or  span  line)  that  operates  at 
the  DSl  rate  (1.544  Mb/s,  24  channels). 

TIC:  TIC  refers  to  a  transmission  systan  that  operates  at  the  DSlC  rate 
(3.152  Mb/s,  48  channels) . 

T2:  T2  refers  to  a  transmission  system  that  operates  at  the  D.S2  rate 
(6.312  Mb/s,  96  channels). 

T3:  T3  refers  to  a  transmission  system  that  operates  at  the  DS3  rate 
(44.736  ^1b/s,  672  channels)  . 

T4:  T4  refers  to  a  transmission  systen  that  operates  at  the  DS4  rate 
(274.176  Mb/s,  4032  channels). 

Ternary:  Ternary  refers  to  three  states  such  as  positive,  negative  and 
zero.  Ternary  is  a  bipolar  signal  where  the  pulse  presence  and  polarity 
convey  inforrnation.  One  ternary  encoded  transmission  systan  uses  a 
four  binary  to  three  ternary  (4B3T)  code  to  transmit  four  information  bits 
in  three  time  slots. 

TDM:  An  abbreviation  for  time  division  multiplex.  TCM  is  a  method  of 
multiplexing  infonretion  by  discrete  time  assignment  of  channels.  TDM 
systOTB  sairple  analog  signals  and  transmit  information  to  represent  the 
instantaneous  value  of  that  signal  at  the  time  it  was  sanpled.  TDM  systems 
can  be  divided  into  two  major  groups.  The  first  group  transmits  the  sampled 
information  on  a  direct  basis  (such  as  pulse  amplitude  modulation) ,  and 
can  be  degraded  on  a  gradual  and  cumulative  basis.  The  other  major  group 
encodes  the  sampled  signal  into  a  digital  signal  for  transmission.  Gradual 
or  cumulative  degradation  is  unlikely  in  digital  transmission  systems. 
Pulse  code  modulation  (PCM)  is  the  rrost  widely  used  digital  systan  telephony, 

Tracking:  A  rreasure  of  hew  accurately  a  reconstructed  ianalog  signal  con- 
pares  to  the  original  analog  signal  before  it  was  digitally  encoded. 

Unipolar:  Unipolar  refers  to  one  polarity.  In  digital  systans,  unipolar 
pulses  are  generated  within  the  equiprent,  but  are  seldom  transmitted  over 
cables.   (Also  refer  to  bipolar.) 

Vford:  A  group  of  bits  processed  as  a  complete  unit;  a  vord  represents 
a  specific  instruction  or  quantity. 
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Repeater  Protection 

Electrical  protection  of  repeaters  is  generally  provided  in  the 
following  manner. 
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High  voltage  gap  devices   (A)   are  used  to  limit  the  voltage  across  the 
line  termnals.     These  are  usually  350  volt  2  elen^t  o?3  eSS^t  Ss 
tubes,     series  resistors    (about  5.6  ohms  each)  provide  carreT?lnnS.L 

™Ir      2w^lf  """^'"-f^^^  '"^^  ^^^^-^^  fl°-i-g  tl^ough  S^"^ 
ZHuSit  '^\YZ'^'^^^  .^"^^"^^  ^^^^^^    (^)   ^^  Pl^^^  ^^^oss  the  input 
and  output  of  the  sensitive  electronic  circuits.     PCM  repeater  protection 
has  been  much  inproved  in  recent  years.  P^oi^eccion 
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equipment,  or  channel  banks,  in  detail  and  briefly  discusses  digital 
multiplexers,  terminal  maintenance  systems,  and  alarms.  TE&CM  Sections  950 
and  951  should  be  referenced  for  an  overview  and  summary  of  digital 
transmission  and  a  glossary  of  digital  transmission  terminology, 
respectively.  Digital  span  lines,  span  line  interrogation  and  automatic 
protection  switching  (APS)  are  described  in  TE&CM  Section  956. 

1.2  In  general,  a  digital  channel  bank  consists  of  the  necessary  components 
to  encode  analog  signals  (voice  and  signaling)  into  digital  words  and 

multiplex  the  digital  words  from  a  group  of  channels  into  a  digital  bit 
stream.  At  the  distant  end  of  a  span  line  another  channel  bank  demultiplexes 
the  incoming  bit  stream  into  its  component  parts  and  decodes  the  digital  words 
into  analog  signals.  Channel  banks  generally  consist  of  24  channels  or 
multiples  of  24  channels.  REA  Specifications  PE-60  and  PE-64  outline  the 
interface  requirements  for  trunk  and  subscriber  carrier  systems.  This  section 
provides  information  on  older  types  of  channel  banks  for  historical  purposes. 
Additionally,  several  types  of  encoding  processes  are  briefly  discussed.  The 
bulk  of  the  description  provided  in  this  section  refers  to  the  D3-  and  D4-type 
channel  banks.  For  many  years,  the  D3-type  was  the  industry  standard  and 
remains  in  extensive  use,  particularly  for  subscriber  carrier  systems.  Today, 
new  digital  trunk  carrier  systems  are  generally  of  the  D4-type.  Both  of  these 
types  are  described  in  detail  in  later  paragraphs.  In  recent  years,  a  D5 
channel  bank  has  been  introduced.  This  is  an  intelligent  software-controlled 
system  which  enhances  the  maintenance  and  administrative  capabilities  of  the 
digital  channel  bank  function. 

1.3  Historically,  most  digital  information  has  been  transmitted  at  the  DSl 
rate  of  1.544  Mb/s  via  Tl  type  span  lines  on  paired  telephone  cables. 

Basic  DSl  signals  are  also  combined  (multiplexed)  to  form  higher  rate  digital 
signals  for  transmission  over  paired  cables,  radio,  optical  fibers  and  coaxial 
cables.  Digital  multiplexers  are  briefly  discussed  in  this  section  to 
describe  how  separate,  nonsynchronized  DSl  signal  inputs  are  multiplexed  to 
form  a  higher  rate  synchronized  output.  This  discussion  is  limited  in  scope 
and  is  not  intended  as  an  exhaustive  description  of  specific  multiplex 
equipment. 


2.  DIGITAL  TECHNIQUES  AND  CHARACTERISTICS 

2.1  General :  The  following  paragraphs  summarize  some  of  the  techniques  used 

for  digital  encoding,  transmission,  and  multiplexing.  Technical 
characteristics  of  the  digital  signals  and  decoded  analog  signals  of  several 
techniques  are  briefly  reviewed  and  compared.  Emphasis  is  placed  on  D3  voice 
encoding  as  a  telephone  industry  standard.  It  should  be  kept  in  mind  that  D3 
encoding  is  used  in  D4  as  well  as  D3-type  channel  banks.- 


2.1.1 


The  first  digital  transmission  system  was  the  Western  Electric  Dl 
channel  bank  (and  Tl  span  line)  used  for  trunk  service.  From  this 
system  evolved  the  DIA,  DIB,  DlC,  DID,  D2,  D3,  and  D4  channel  banks  for  trunk 
service  and  variations  of  Dl ,  D3  and  differential  PCM  for  subscriber  service. 
The  Independent  telephone  equipment  manufacturers  generally  provided  versatile 
channel  banks  that  were  made  compatible  with  several  Western  Electric  channel 
bank  types  via  strapping  options  or  special  plug-in  cards. 
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2.1.2  Digital  systems  for  voice  transmission  use  nonlinear  encoding 

(unequal  coding  steps).  Early  systems  used  instantaneous  coLndor. 
compressors  and  expandors)  and  linear  coders  and  decode    equll^nf 
steps)  to  provide  the  nonlinear  encoding.  Current  systems  use  nonHne.? 
encoders  and  decoders  (codecs)  to  achieve  the  same  o   m  ro  ed    u U 
Non  inear  encoding  provides  improved  voice  quality  with  fewer  cod  ng  tens  In 
nonlinear  encoding,  coding  steps  are  small  for  low  ampl i tude  leve  vo  cp 
samples  and  larger  for  high  level  samples.  This  is  the  case  beca  se 

.'1^'"^^  ^'  ^'''^''   ^^^^"^  °^  ^°^«  ^^^Ples  are  of   e  ow   el 
variety.  Sma  ler  coding  steps  provide  for  a  much  better  reso  ution  (  ess 
quantizing  noise  .  The  nonlinear  coding  steps  for  digi talsy  tern?  are 

co^:^:^in?i::^  ^^^^-^  ^"  ^-^^  --^-^  are^Srd^^LdVt^^^mu^r^^^r^^- 

^■'  SrM^l7f?7i\J'!  S^Jr^"^  paragraphs  provide  a  brief  summary  of 
the  Characteristics  of  the  various  types  of  trunk  channel  banks. 

^■^■^  f^ienhonv^^  channel  bank  was  the  first  digital  channel  bank  used  in 

telephony.  The  analog  voice  signal  was  fed  into  an  instantaneous; 
compandor  before  encoding.  The  voice  signal  was  samp  ed  and  fed  on  o  a  bus 
cha n'nels"'  he  ^^1^']''"''   -^^^^^ed  (PAM)  signals"l2  of  h^  4''' 
n?oded  into  7  btts  pr'iL"'''  ^^^P^^^^ed  utilizing  the  mu  =  100  law  and 
encoaea  into  7  bits  per  PAM  sample  representing  127  coding  levels   A 

.  hI"h  ;!I^K^'  'r  ?^^'^  '^'  ^^^h  ^°^"  encoded'sample  a  d  a  fram  ng  Sit  was 
added  at  the  end  of  each  24  channel  sequence.  This  resulted  in  2Sx  8   192  . 
1  =  193  bits  per  frame  x  8000  frames  per  second  =  1.544  Mb/s   The  Dl  svJpm 
used  two  compandors,  channels  1  through  12  were  fed  into  one 'and  channpin 

t^^?  a  eVsJ^h'Shaftt-  I'' •'''''^''   '^^^  '''   ?1  ctpan'o^s'were""^^  '' 
interleaved  such  that  the  outgoing  channel  sequence  was  1.  13  2  14  3  15 
etc.  This  interleaving  reduced  crosstalk  in  adjacent  time  slots 

^■^■^  ^described  in'tT^  ^'"^  "''   ^'^'^  designated  as  the  DIA  channel  bank. 
thP  Pinhf  h?fc       .^^^  previous  paragraph  the  Dl  channel  bank  used  one  of 

wo   gal  a  b  ?r'"'Tn  '""  ''n\t''  '^^'^^^-^-     Some  PCM  channel  reqi?e 
TWO  signaling  b  ts.  To  accomplish  this  with  DIA  channel  banks  a  bit  normally 

left  on  y  six  bits  for  voice  encoding  resulting  in  greater  noise  and 
distortion  during  this  signaling  condition. 

2.2.3  me:  The  DIB  channel  bank  is  the  same  as  the  DIA  except  that  the 

b  r  0  be  u'sed't  v'oirir'^''  ''T^^^  ''''   '''''''   '''   seven  remaining 
p  0  ided  Dl  hanne   a  k"  fh^?   ^.'V^^  ^^"''-  ^^'   ^dependent  manufacturers 
signaling  "" ^  ^^   arranged  for  either  DIA  or  DIB 

^■^■"^  ^iirlnnn!^  ""tI   '  '^''l^^    P^'P""''  ^^  ^^^"^^^  bank  used  in  TSPS 
applications.  The  signaling  bits  for  all  24  voice  channels  werp 
combined  into  a  separate  high  speed  data  channel  (192  kb/s) 
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2.2.5  DIJD:  After  D2  and  D3  channel  banks  were  already  being  used, 

Western  Electric  developed  a  modified  version  of  the  Dl  channel  bank  to 
achieve  D3  voice  quality.  This  was  designated  the  DID  and  was  developed  to 
utilize  the  large  quantities  of  Dl  racks  and  shelves  already  installed.  The 
Independent  manufacturers  utilized  D3  channel  banks  to  meet  DID  application 

requirements  by  changing  the  channel  sequence  from  1,  2,  3,  4, 24  (for  D3) 

to  1,  13,  2,  14,  etc.  (for  Dl).  This  change  was  accomplished  by  a  plug-in 
card  or  by  a  change  in  channel  bank  backplane  wiring,  depending  on  the 
specific  type  and  age  of  the  equipment. 


2.2.6  D2:  The  D2  channel  bank  was  developed  to 
voice  circuit  for  intertoll  applications, 
nonlinear  encoding  to  derive  255  coding  levels  de 
companding  law.  Two  signaling  channels  are  provi 
significant  voice  bit  from  each  channel  every  six 
frame,  signaling  Channel  A  is  transmitted  and  in 
Channel  B  is  transmitted.  Twelve  frames  make  up 
sequence  repeats.  The  Western  Electric  D2  was  de 
for  Tl  applications  (24  channels)  and  T2  applicat 
Independent  manufacturers  designed  D2  channel  ban 
The  D2  channel  sequence  is  shown  in  Table  1.  The 
channel  banks  can  be  arranged  for  D2,  D3,  or  DID 
channel  sequence  via  plug-in  cards. 


achieve  a  higher  quality 
The  D2  bank  utilizes  8  bit 
termined  by  the  mu  =  255 
ded  by  "robbing"  the  least 
th  frame.  In  the  sixth 
the  twelfth  frame  signaling 
a  superframe  and  the 
signed  in  96  channel  groups 
ions  (96  channels).  The 
ks  in  24  channel  groups. 

Independent  manufacturers' 
applications  by  changing  the 


Table  1 


Channel  Sequence 


Time  Slot 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

1 
13 

2 
14 

3 
15 

4 
16 

5 
17 

6 
18 

7 
19 

8 
20 

9 
21 
10 
22 
11 
23 
12 
24 


D2 

12 
13 

1 
17 

5 
21 

9 
15 

3 
19 

7 
23 
11 
14 

2 
18 

6 
22 
10 
16 

4 
20 

8 
24 


D3 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

n 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
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2.2.7 


03:  The  Western  Electric  D3  channel  bank  was  designed  in  24  channel 
groups  for  Tl  applications  to  provide  the  same  voice  quality  as  D2 
channel  banks   The  channel  sequence  is  1,  2,  3.  4,... 24.  The  Independent 
manufacturers'  D2  was  redesigned  to  cover  both  62  ^nd  D3  applica  ions    Field 
modificat-  of  early  D2  systems  for  D3  application  was  sometimes  awkward  to 
The  D3  format  is  considered  the  standard  for  most  of  the  digital 
n  production  today  including  high  density  applications  such  as 
>s  and  direct  digital  interface  to  digital  central  office 
Mce  encoding  is  also  used  for  digital  subscriber  carrier 
',  the  use  of  signaling  and  framing  bits  vary  with  equipment 
■es  for  D  banks  are  shown  in  Table  1. 


accomi" 


^ 


^ 


o^^ 


a  1 

each'^ 
D3  ch 
Paragr 

2.2.9 


^ 


^f^ 


.?J^^ 


^annel  bank  is  designed  in  48  channel  groups  for  Tl 
^  line  applications.  The  D4  channel  bank  is  essentially 
I  -ombined  packaging  of  two  D3  channel  banks  (24  channel 
modes  of  operation  with  Mode  3  being  the  same  as  two 
^  D4  channel  banks  are  discussed  in  more  detail  in 


r.^ 


>^ 


^^ 


en  ^-^ 
doubles  th^-^ 
patterns,  n. 
Therefore,  Cv 
transmit  spefe 
sample  of  a  6a 
bit  stream.  B> 
doubled,  i.e.,  k 
when  robbed  bit  s 
channels  of  voice 
dedicated  to  signai 
Tl. 301-1987  "32  KB/i 
Algorithm  and  Line  Fc 

2.3  Subscriber  Systems 
of  the  characteri  si 

2.3.1  Dl  Subscriber:  Eai 

integrated  carrier-i 
signaling  bit  was  general ly 
to  encode  and  initiate  dial ii 
ringing  schemes),  other  signa, 
status  reporting,  and  similar  , 
basis.  Integrated  carrier-conci ' 
from  all  channels  on  a  serial  bi . 
microprocessors  to  initiate  all  s 
functions.  PCM  subscriber  carrier 
groups  for  transmission  over  Tl  spa, 
using  ternary  encoding  (three  level 
1 ine  near  the  Tl  rate. 


'erential  Pulse  Code  Modulation  (ADPCM)  is  an 
>t  provides  PCM  voice  transmission  quality  and 
'ity.  Since  human  speech  follows  regular 
leech  waveform  are  redundant  and  predictable. 
Us  can  be  used  than  required  for  D3  PCM  to 
^  degradation.  Using  ADPCM,  the  normal  8-bit 
1  is  reduced  to  a  4-bit  sample  in  a  32  kb/s 
bit  streams,  the  Tl  line  capacity  is 
1  be  transmitted  over  a  single  Tl  span  line 
ibundled  mode).  In  the  Bundled  mode,  44 
transmitted  with  4  additional  channels 
-)rithm  is  specified  in  ANSI  standard 
ial  Pulse  Code  Modulation  (ADPCM) 


•agraphs  provide  a  brief  summary 
9ms  used  for  subscriber  service. 

subscriber  carrier  and 
1  voice  encoding.  The 
el  basis  (8  kb/s  per  channel) 
ng  a  variety  of  multiparty 
nd  test  functions.  Alarms, 
ly  handled  on  a  system 
used  the  signal ing  bits 
kb/s)  to  instruct 
alarm,  status,  and  test 
^*        ged  in  24  or  48  channel 
^  provided  36  channels 

ing  a  special  span 


x^ 


2-3-2  D3^M^^criber:  PCM  subscriber  c.     and  digital  loop  carrier  systems 
w^ir.    ^^   ^^  carrier-concentrators  nave  standardized  on  the  use  of  D3 
voice  encoding  and  most  other  D3  system  characteristics.  One  exception  is  the 
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2.2.5  DID:  After  D2  and  D3  channel  banks  were  already  being  used, 

Western  Electric  developed  a  modified  version  of  the  Dl  channel  bank  to 
achieve  D3  voice  quality.  This  was  designated  the  DID  and  was  developed  to 
utilize  the  large  quantities  of  Dl  racks  and  shelves  already  installed.  The 
Independent  manufacturers  utilized  D3  channel  banks  to  meet  DID  application 

requirements  by  changing  the  channel  sequence  from  1,  2,  3,  4, 24  (for 

to  1,  13,  2,  14,  etc.  (for  Dl).  This  change  was  accomplished  by  a  plug-i 
card  or  by  a  change  in  channel  bank  backplane  wiring,  depending  on  the 
specific  type  and  age  of  the  equipment. 


2.2.6  D2:  The 
voice  ci 
nonl inear  encod 
companding  law. 
significant  voi 
frame,  signalin 
Channel  B  is  tr 
sequence  repeat 
for  Tl  applicat 
Independent  man 
The  D2  channel 
channel  banks  c 
channel  sequenc 


D2  channel  bank  was  developed  to  achieve  a  higher  qua 
rcuit  for  intertoll  applications.  The  D2  bank  utiliz 
ing  to  derive  255  coding  levels  determined  by  the  mu 

Two  signaling  channels  are  provided  by  "robbing" 
ce  bit  from  each  channel  every  sixth  frame.  In  th 
g  Channel  A  is  transmitted  and  in  the  twelfth  fra' 
ansmitted.  Twelve  frames  make  up  a  superframe  a' 
s.  The  Western  Electric  D2  was  designed  in  96 
ions  (24  channels)  and  T2  applications  (96  cha' 
ufacturers  designed  D2  channel  banks  in  24  ch' 
sequence  is  shown  in  Table  1.  The  Independe' 
an  be  arranged  for  D2,  D3,  or  DID  applicati^ 
e  via  plug-in  cards. 


Table  1 


Channel  Sequence 


W 


Time  Slot 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

Dl 


2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
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2.2.7  D3:  The  Western  Electric  D3  channel  bank  was  designed  in  24  channel 
groups  for  Tl  applications  to  provide  the  same  voice  quality  as  D2 

channel  banks.  The  channel  sequence  is  1,  2.  3,  4,... 24.  The  Independent 
manufacturers  D2  was  redesigned  to  cover  both  D2  and  D3  applications.  (Field 
modification  of  ear  y  D2  systems  for  D3  application  was  sometimes  awkward  to 
accomp  ish.)  The  D3  format  is  considered  the  standard  for  most  of  the  digital 
channel  banks  in  production  today  including  high  density  applications  such  as 
lightwave  systems  and  direct  digital  interface  to  digital  central  office 
equipment.  D3  voice  encoding  is  also  used  for  digital  subscriber  carrier 
equipment;  however,  the  use  of  signaling  and  framing  bits  vary  with  equipment 
The  channel  sequences  for  D  banks  are  shown  in  Table  1. 

2.2.8  D4:  The  D4  channel  bank  is  designed  in  48  channel  groups  for  Tl 

TIC  and  T2  span  line  applications.  The  D4  channel  bank  is  essentially 
a  lower  cost  smaller  combined  packaging  of  two  D3  channel  banks  (24  channel 
each)  arranged  for  five  modes  of  operation  with  Mode  3  being  the  same  as  two 
ParaS^aph  3      ^^   '""^  ^"^  '^'""'^  ^'"'''  ""''   discussed  in  more  detail  in 

2.2.9  ADPCM:  Adaptive  Differential  Pulse  Code  Modulation  (ADPCM)  is  an 

H  Ki  ^?u  !?^  technique  that  provides  PCM  voice  transmission  quality  and 
doubles  the  Tl  span  line  capacity.  Since  human  speech  follows  regular- 
patterns,  many  portions  of  a  speech  waveform  are  redundant  and  predictable 
Therefore,  using  ADPCM,  fewer  bits  can  be  used  than  required  for  D3  PCM  to' 
transmit  speech  with  only  a  small  degradation.  Using  ADPCM,  the  normal  8-b1t 
sample  of  a  64  kb/s  DSl  bit  stream  is  reduced  to  a  4-bit  sample  inT32  kb/ 
bit  stream.  By  combining  two  such  bit  streams,  the  Tl  line  capacity  is 
K    :J:^:-'/^.''°^"  channels  can  be  transmitted  over  a  single  Tl  span  line 
when  robbed  bit  signaling  is  used  (Unbundled  mode).  In  the  Bundled  mode  44 
HnH""^l^°!  ''^•"  jn^o^'^^tion  can  be  transmitted  with  4  additional  channels 
n  01  I9fi7  '^J^^R  rL  l^'   T5^  algorithm  is  specified  in  ANSI  standard 
I  .301-1987  32  KB/S  Adaptive  Differential  Pulse  Code  Modulation  (ADPCM) 
Algorithm  and  Line  Format". 

2.3  Subscriber  Systems:  The  following  paragraphs  provide  a  brief  summary 
Of  the  characteristics  of  carrier  systems  used  for  subscriber  service. 

2.3.1  D1  Subscriber:  Early  versions  of  PCM  subscriber  carrier  and 
integrated  carrier-concentrators  used  Dl  voice  encoding   The 

signaling  bit  was  generally  used  on  a  per  channel  basis  (8  kb/s  per  channel) 
to  encode  and  initiate  dialing,  ringing  (including  a  variety  of  multiparty 
ringing  schemes),  other  signaling,  supervision,  and  test  functions.  Alarms 
status  reporting,  and  similar  functions  were  usually  handled  on  a  system   ' 
basis.  Integrated  carrier-concentrators  generally  used  the  signaling  bits 
from  all  channels  on  a  serial  bit  stream  basis  (192  kb/s)  to  instruct 
?unr?ior"prM  ^\''^^l'^'   al  1  _  signal  i  ng,  switching,  alarm,  status,  and  test 
functions.  PCM  subscriber  carrier  was  generally  packaged  in  24  or  48  channel 
groups  for  transmission  over  Tl  span  Mnes.  One  system  provided  36  channels 

line'nenhe  T^Ttl'  '''"'"  '""''   '"'''  ''''''''   '''''''''  '  '''''''    '''' 

2.3.2  D3  Subscriber:  PCM  subscriber  carrier  and  digital  loop  carrier  systems 
w^iro  .  ^^^^'^  ^^  carrier-concentrators)  have  standardized  on  the  use  of  D3 
voice  encoding  and  most  other  D3  system  characteristics.  One  exception  is  the 
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type  of  signaling  used.  Present  day  D3  subscriber  carrier  systems  generally 
use  the  signaling  bits  on  a  per  channel  basis  (8000/6  =  1333  b/s  per 
channel).  Digital  loop  carrier  systems  generally  use  the  signaling  bits  for 
all  channels  on  a  serial  bit  stream  basis  (32  kb/s)  to  interface  with 
microprocessors.  Steadily  decreasing  costs  have  substantially  increased  the 
use  of  microprocessors  in  D3  subscriber  carrier  equipment.  D3  subscriber 
carrier  is  described  in  more  specific  detail  in  paragraph  3. 


2.3.3  DPCM  Subscriber:  D 
and  transmitting  ch 
encoded  signal  represents 
level .  Delta  Modulation  i 
indicate  if  a  sample  has  i 
sample.  Acceptable  voice 
kb/s  to  40  kb/s  in  subscri 
64  kb/s  per  channel  rate  ( 
DPCM  subscriber  carrier  an 
placed  into  service.  Prod 
now  been  discontinued  beca 


ifferential  PCM 
anges  in  amplitu 
a  change  in  ampl 
s  an  example  of 
ncreased  or  deer 
qual i ty  was  atta 
ber  service.  Th 
including  signal 
d  carrier-concen 
uction  of  DPCM  e 
use  of  standard! 


(DPCM)  is  a  techni 
de  of  analog  voice 
itude  rather  than 
DPCM  where  a  sing! 
eased  compared  to 
ined  with  a  per  ch 
is  rate  was  more  e 
ing)  required  for 
trator  systems  wer 
quipment  for  subsc 
zation  on  D3  voice 


que  for  encoding 

signals.  The 
an  absolute 
e  bit  is  used  to 
the  previous 
annel  rate  of  32 
fficient  than  the 
D3  PCM.  Several 
e  developed  and 
riber  service  has 
encoding. 


2.4  Multiplex  Systems:  The  digital  channel  bank  performs  the  first  level 

of  multiplexing  by  interleaving  the  individual  8  bit  words  from  24  voice 
channels  into  a  digital  pulse  stream  (DSD  which  is  suitable  for  universal 
interface  and  efficient  transmission  over  paired  cables.  Digital  multiplex 
equipment  is  available  to  combine  two  or  more  asynchronous  inputs  into  higher 
rate  synchronized  outputs.  Multiplexers  interleave  incoming  bit  streams  on  a 
bit-by-bit  or  byte  (group  of  bits)  basis.  Multiplexers  are  generally  designed 
to  interface  at  standard  Bell  Communications  Research  (Bellcore)  signal 
levels,  e.g.,  DSl ,  DS2,  DS3,  etc.  However,  they  may  not  all  follow  the 
specific  signal  format  or  bit  rate  outlined  for  standard  Bellcore  specified 
M-type  multiplexers  at  both  the  input  and  output  interfaces.  Most 
multiplexers  use  similar  techniques  for  scrambling,  stuffing,  and  temporary 
storage  of  bits  in  the  multiplexing  process. 

2.4.1  The  following  is  a  generalized  description  of  a  multiplexer  using 
the  M12  as  a  model.  The  multiplexer  combines  four  asynchronous  DSl 

inputs  into  a  DS2  output.  Prior  to  multiplexing,  the  second  and  fourth  input 
signals  are  inverted  (ones  become  zeros  and  zeros  become  ones)  as  a  first 
stage  of  randomizing  (scrambling)  the  multiplexed  output  (See  paragraph 
2.5.3).  Twelve  bits  are  taken  from  each  input  and  interleaved  into  a  single 
bit  stream  and  one  control  bit  is  added  (12+12+12+12+1  =  49  bits).  This 
sequence  is  repeated  six  times  to  form  a  subframe  (49  x  6  =  294  bits).  The 
subframe  sequence  is  repeated  four  times  to  form  a  frame  consisting  of  1176 
bits  (294  X  4).  Of  these  1176  bits,  1152  are  information  bits  from  the  four 
DSl  inputs  and  24  are  control  bits. 

2.4.2  Since  the  four  DSl  inputs  are  not  synchronized,  each  input  is  written 
into  a  buffer  (elastic  store)  from  which  the  bits  can  be  extracted 

(read)  at  the  exact  time  required.  Since  each  input  may  be  operating  at  a 
different  speed,  some  of  the  input  buffers  may  become  empty  before  others. 
Extra  bits  (stuff  bits)  are  added  to  the  incoming  bit  streams  as  required  to 
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prevent  the  stores  from  becoming  empty  and  thus  synchronizing  the  inpu 
Stuffbitsmaybe  added  only  at  specified  locations  (time  slots)  in  th 

Specific  control  bits  identify  when  a 


outgoing  bit  stream, 
added. 


ts. 

the 
stuff  bit  has 


been 


Irn  u^  control  bits  per  frame  are  divided  into  four  "M"  bits  eight 

€  ^  .J^^  t^J   ^""^^'^  "^"  ^'^^-     ^^^  ^   bit  pattern  (OllX)  aligns  the 

frame  and  the  subframes  and  transmits  alarm  information  (X=0  or  1)  between 
no  Ih  p'^^ff  l^^l   Patterns  of  F  and  C  bits  further  align  each  subframe  and 
possible  stuff  bit  time  slots.  The  C  bits  also  identify  whether  or  not  stuff 
bits  have  been  transmitted.  A  maximum  of  about  0.3  percent  of  the  output  bit 
stream  may  be  stuff  bits.  The  clocks  driving  the  individual  DS   np  t  do  ot 
flTll'^'   level  precision  but  must  remain  within  specified  limit  to  ensure 
that  excessive  stuff  bits  are  not  required. 

2.4.4  The  multiplexer  output  bit  rate  is  the  sum  of  all  DSl  inputs  plus  a 
.tuff  Jd         IJIJ-^ber  of  control  and  framing  bits  plus  a  variable  number  of 
stuff  bits.  The  output  is  processed  to  ensure  that  no  more  than  five 
consecutive  zeros  are  transmitted  (See  paragraph  2.5.8).  Table  2  provides 
examples  of  standard  Bellcore  M-type  multiplexers.  The  characteristic  of 
DS  line  signals  are  discussed  in  paragraph  2.5. 

Table  2 
Standard  Multiplexes 


the 


Multiplex 

MIC  ■ 

M12 

M13 

M23 

MX3 


Input 


(See  Note) 


M34 


NOTE: 


2 

DSl 

4 

DSl 

28 

DSl 

7 

DS2 

28 

DS1 

14 

DSIC 

7 

DS2 

6 

DS3 

} 


Output 

DSIC 

DS2 

DS3 

DS3 

DS3 

DS4 


Channel s 

48 

96 
672 
672 


672 
4032 


The  MX3  multiplexer  provides  inputs  for  28  DSl,  14  DSIC  or  7 
streams  or  a  mixture  of  rates  equivalent  to  28'DSrs. 


DS2 


^•^  Transmission  and  Multiplex  Signals:  The  following  paragraphs  describe 

several  encoding  and  format  techniques.  In  addition,  DS  signal 
characteristics  are  outlined. 

2.5.1  Unipolar  Pulses:  Unipolar  pulses  (one  polarity)  are  used  within 
Hicf.n.!'^''?^"^  ^"?  ^""'^^  '^'^^"''   ^^^   ^^^  ^0*  generally  transmitted  over  any 

o    nnl  r%''^^''  ""  ^'  '""'^^^'^  ^^^°  ^''''   '^''   ^^g^^l^'  generally  ' 
Dipolar  pulses,  for  transmission  over  the  network. 

2.5.2  B^ipolar  Pulses:  Bipolar  pulses  (alternating  between  positive  and 
n.irc  "'^^^;''^  ^\^  generally  used  for  transmission  over  exchange  cable 
pairs.  Bipolar  pulse  transmission,  e.g.,  Alternate  Mark  Inversion  (AMI)  has 
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several  advantages  over  unipolar  pulse  transmission.  These  advantages  are 
illustrated  in  Figure  1  based  on  a  Tl  bit  stream.  The  advantages  include  the 
fol lowing: 

a.  Power  is  concentrated  near  772  kHz. 

b.  Low  frequency  power  is  reduced  (no  dc). 

c.  High  frequency  power  is  reduced. 

d.  Many  errors  can  be  easily  recognized. 

2.5.2.1  In  the  following  discussion  of  bipolar  pulse  transmission,  it  is 

generally  assumed  that  the  pulses  are  random  and  contain  no  bipolar 
violations.  (A  bipolar  violation  consists  of  two  consecutive  pulses  of  the 
same  polarity.)  Most  systems  are  designed  to  transmit  alternate  bipolar 
pulses  with  no  violations  except  in  the  case  of  zero  suppression  as  described 
in  paragraph  2.5.8.  Some  systems  use  ternary  encoding  as  described  in 
paragraph  2.5.4.  Additionally,  quaternary  (four  level)  coding  is  emerging  for 
use  with  ISDN.  These  schemes  contain  a  large  quantity  of  bipolar  violations 
which  convey  information.  To  transmit  and  recover  signals  containing  bipolar 
violations,  the  system  must  pass  low  frequencies,  possibly  near  dc. 


rated 

ter  during 

ity 

on-hook 
excluding 
ee  out  of 
d  D4 

g  the  idle 
Ises  for 
pulses  may 

tend  to 
Iscrete 


2.5.2.2  In  the  DSl  bit  stream  certain  repetitive  patterns  are  gene 
either  by  design  or  otherwise.  These  patterns  may  be  grea 
no  traffic  or  low  traffic  conditions.  Framing  pulses  are  by  necess 
repetitive  and  produce  a  low  level  8000  hertz  signal.  In  the  idle, 
condition,  DIA  systems  transmitted  two  pulses  in  8  bits  each  frame 
framing  pulses.  DIB  systems  transmitted  one  pulse  in  8  bits  in  thr 
four  frames  and  two  pulses  in  8  bits  in  the  fourth  frame.  In  D3  an 
systems  the  pulse  density  was  increased  to  8  pulses  in  8  bits  durin 
condition.  This  improves  the  system  stability  by  providing  more  pu 
clock  timing  and  concentrates  the  power  near  772  kHz.  Some  random 
be  generated  by  noise  or  equipment  conditions.  These  random  pulses 
spread  the  power  somewhat  but  the  system  can  still  transmit  large  d 
power  components. 

2  5.3  Scrambling:  Various  techniques  are  used  to  "scramble"  or  "condition" 
the  digital  bit  stream  for  modulation  or  transmission.  Scrambling  is 
used  to  keep  the  signal  in  a  dynamic  state  of  random  change.  Long  strings  of 
consecutive  zeros  and  repetitive  patterns  are  therefore  avoided  in  the_ 
transmitted  signal.  Scrambling  may  be  required  because  of  the  modulation 
techniques  or  may  be  used  to  improve  system  performance.  The  scrambler 
rearranges  the  digital  bit  stream  in  a  predetermined  manner  to  produce  a 
random-appearing  sequence  of  bits.  The  descrambler  at  the  receiver  restores 
the  digital  bit  stream  to  its  original  form.  Scrambling  is  used  in  carrier 
systems  to  maximize  performance.  In  higher  order  systems,  such  as  radio, 
lightwave  and  coaxial  cable  systems,  scrambling  is  used  because  of  the 
modulation  techniques  and  to  reduce  system  loading.  The  error  rate  of  a 
scrambled  bit  stream  must  be  several  times  better  than  that  of  a  nonscrambled 
bit  stream  since  the  descrambling  process  will  increase  the  error  rate  ot  the 
received  signal . 

2  5  4  Ternary  Encoding:  Ternary  encoding  is  used  to  increase  the 

information  rate  with  a  smaller  corresponding  increase  in  the 


transmitted  span  line  signal  rate.  Ternary  refers  to  three  states  such  as 
positive,  negative,  and  zero.  The  signal  is  bipolar  where  the  presence  -- 


and 


f 
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polarity  of  pulses  convey  information.  One  ternary  encoded  transmission 
system  uses  a  four  binary  to  three  ternary  code  (4B3T)  to  transmit  four 
information  bits  in  three  time  slots.  This  converts  a  48  channel  3.152  Mb/s 
binary  signal  into  a  2.364  Mb/s  ternary  signal.  The  span  line  signal  imposes 
a  small  increase  in  the  facility  requirements  (compared  to  Tl)  for  exchange 
cable  applications.  A  large  quantity  of  bipolar  violations  is  normal  in  the 
ternary  encoded  bit  stream. 

2.5.5  Duobinary  Encoding:  The  information  rate  of  a  bit  stream  can  be 
doubled  with  a  small  increase  in  the  facility  requirements  (compared  to 

Tl)  for  exchange  cable  applications  through  the  use  of  duobinary  encoding.  A 
modified  duobinary  encoded  system  divides  a  TIC  stream  Into  two  bit  streams 
and  then  interleaves  the  two  signals  into  a  duobinary  format.  A  TIC  system 
transmits  pulses  of  158  nanoseconds  duration  in  a  317  nanosecond  time  slot  (50 
percent  duty  cycle).  The  duobinary  system  takes  advantage  of  the  "dead  time" 
between  pulses.  The  two  bit  streams  are  interleaved  e\jery   317  nanoseconds  and 
the  resultant  combined  output  pulses  may  be  either  158  or  317  nanosecond 
wide.  The  duobinary  signal  transports  the  TIC  information  but  with  a  power 
spectrum  simi lar  to  Tl . 

2.5.6  Bit  Stuffing:  Bit  stuffing  (sometimes  called  pulse  stuffing)  is  used 
to  synchronize  two  or  more  bit  stream  inputs  to  a  multiplexer.  Extra 

non information  bits  are  Inserted  (stuffed)  as  required  at  the  multiplexing  end 
and  removed  at  the  demultiplexing  end. 

2.5.7  Buffer  Stores:  A  buffer  store  (elastic  store)  is  a  temporary  storage 
unit  for  digital  information  (temporary  memory  for  binary  digits). 

Buffer  stores  are  used  in  digital  multiplexers  to  combine  two  or  more 
asynchronous  inputs  into  a  synchronous  output.  The  incoming  bit  streams  are 
written  into  the  buffer  stores  at  their  individual  bit  rates  and  read  out  at 
an  internal  clock  rate  (synchronized).  The  size  of  the  buffer  store  (number 
of  stored  bits)  is  dependent  upon  how  frequently  stuffing  bits  may  be  inserted 
into  the  bit  stream.  The  stores  are  never  allowed  to  become  "empty". 
Frequent  stuffs  allow  for  smaller  stores. 

2.5.8  Zero  Substitution  Codes:  Pulses  (ones)  or  transitions  (changes  of 
state)  in  the  bit  stream  are  used  to  synchronize  the  clocks  at  the 

transmitting  and  receiving  ends  of  a  digital  connection.  Since  long  strings 
of  consecutive  zeros  can  lead  to  a  loss  of  synchronization,  zero  substitution 
codes  are  used  to  prevent  such  strings.  The  type  of  zero  substitution  code 
used  is  dependent  upon  the  DS  level  of  the  bit  stream.  For  example,  a  DS2 
line  signal  is  a  50  percent  duty  cycle  bipolar  pulse  stream  with  controlled 
bipolar  violations.  The  format  is  called  "bipolar  with  six-zero  substitution" 
or  B6ZS.  In  this  format  no  more  than  five  consecutive  zeros  are  transmitted. 
When  six  consecutive  zeros  are  encountered,  a  six  bit  code  consisting  of  zeros 
and  a  pattern  of  bipolar  violations  is  substituted.  At  the  receiving  end  of 
the  connection,  the  code  is  recognized  and  the  six  zeros  are  reinserted  into 
the  bit  stream.  A  similar  code  for  a  DS3  level  signal  is  called  "bipolar  with 
three-zero  substitution"  or  B3ZS.  For  the  DSl  level,  newer  carrier  and 
multiplex  equipment  can  be  optioned  to  provide  a  line  code  called  "bipolar 
with  eight-zero  substitution"  or  B8ZS.  This  code  not  only  provides  for 
synchronization  protection  but  also,  together  with  common  channel  signaling, 
permits  Clear  Channel  Capability,  i.e.,  the  entire  64  kb/s  channel  can  be  used 
for  information  transmission. 
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2.5.9  Line  Signal  Characteristics:  Digital  line  signal  characteristics 

have  been  standardized  in  specifications  written  by  Bellcore  and  the 
American  National  Standards  Institute  (ANSI).  These  specifications  outline 
bit  rates,  signal  format  (time  slot  assignment),  signal  waveshape  and  other 
characteristics.  Table  3  lists  some  of  these  design  characteristics. 

Table  3 


Digital  Line  Si 

ignal  Characterist 

ics 

ro  Sub. 

Level 

Rate  Mb/s 

Pulse/Duty 

Zei 

Code 

DSl 

1.544 

Bipolar/50% 

B8ZS 

DSIC 

3.152 

Bipolar/50% 

B8ZS 

DS2 

6.312 

Bi polar /50% 

B6ZS 

DS3 

44.736 

Bi polar /50% 

B3ZS 

DS4 

274.176 

Polar/100% 

NRZ 

2.5.9.1  The  DSl,  DSIC,  DS2,  and  DS3  line  signals  are  transmitted  as  bipolar 
pulses.  When  the  Alternate  Mark  Inversion  (AMI)  line  code  is  used, 

the  DSl  and  DSIC  signals  may  contain  no  more  than  15  consecutive  zeros  and  no 
bipolar  violations.  DS2  and  DS3  signals  contain  bipolar  violations  to 
identify  zero  substitution  codes  (B6ZS  and  B3ZS)  as  do  DSl  and  DSIC  signals 
using  the  B8ZS  line  code.  DS4  signals  are  transmitted  as  100  percent  duty 
cycle,  nonreturn-to-zero  (NRZ)  polar  signals  where  positive  represents  a  logic 
one  and  negative  a  logic  zero.  The  NRZ  signal  is  kept  in  a  dynamic  condition 
via  scrambling. 

2.5.9.2  With  standard  signal  formats,  each  bit  has  a  special  identity  or 
significance  when  processed  with  other  bits.  However,  the  bit  stream 

must  be  descrambled  and  stuffed  pulses  removed  before  the  DSl  bit  stream,  for 
instance,  can  be  used  as  a  unit  or  separated  into  64  kb/s  channels. 

2.6  Synchronous  Transmi ssion:  In  today's  environment  of  high  capacity 

digital  radio  and  lightwave  systems,  the  DS3  rate  is  used  extensively  for 
interoffice  transmission.  Since  the  DSO  and  DSl  levels  which  make  up  the  DS3 
rate  are  used  to  offer  most  network  services,  it  is  necessary  to  be  able  to 
efficiently  insert,  extract  and/or  rearrange  these  levels  without  the 
necessity  for  demultiplexing  the  DS3  bit  stream. 

2.6.1  The  traditional  0S3  signal  is  asynchronous  since  it  Is  made  up  of  DSl 

signals  whose  frequencies  are  not  precisely  the  same.  To  bring  the  DSl 
signals  to  a  common  frequency,  stuff  bits  are  added  as  described  previously. 
Thus,  it  is  not  possible  to  associate  bits  with  particular  DSO  or  DSl  signals 
within  the  DS3  bit  stream  without  first  demultiplexing.  For  the  exact 
location  of  all  the  DSl  and  corresponding  DSO  signals  within  the  DS3  bit 
stream  to  be  known,  it  is  necessary  to  synchronously  multiplex  the  DSl  signals 
to  the  DS3  level.  Two  such  methods  for  providing  this  function  have  been 
defined:  Synchronous  Transmission  (SYNTRAN)  and  Synchronous  Optical  Network 
(SONET). 


• 
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2.6.2  SYNTRAN  operates  at  the  standard  DS3  rate  of  44.736  Mb/s  and  is 

compatible  with  the  existing  asynchronous  transmission  network.  SONET 
is  intended  to  operate  in  new  or  overlay  systems  and  not  through  the  existing 
high  speed  network.  The  transmission  rate  for  SONET  is  N  x  51.84  Mb/s  where  N 
can  currently  be  1,  3,  9,  12,  18.  24,  36,  and  48. 

3.  PRESENT  DAY  EQUIPMENT 

3.1  General :  The  D3  channel  bank  or  an  adaptation  of  D3  has  been  the 
standard  for  digital  terminal  equipment  and  for  integrated  digital 

transmission  and  switching  systems.  Although  new  trunk  carrier  installations 
are  almost  exclusively  of  the  D4  variety,  the  following  D3  description  is 
presented  since  it  is  essential  to  the  understanding  of  D4  operation. 

3.2  D3  Channel  Bank:  A  large  number  of  existing  digital  trunk  carrier 
installations  consist  of  D3  channel  banks.  This  carrier  equipment  may 

interface  the  central  office  on  a  per  channel  voice  frequency  basis  or  via  a 
direct  digital  DSl  bit  stream.  There  are  variations  in  manufacturers' 
equipment  but  Figure  2  serves  to  illustrate  the  basic  D3  functions. 

3.2.1  Analog  voice  signals  enter  the  voice  frequency  hybrid  (on  two-wire 
channels)  where  transmit  and  receive  directions  are  separated.  In 

order  to  provide  a  faithful  reproduction  of  the  analog  signal,  a  time  division 
multiplex  (TDM)  system  must  sample  the  analog  signal  at  a  frequency  of  at 
least  twice  the  highest  frequency  to  be  transmitted.  Since  D3  samples  at  8000 
times  per  second,  frequencies  above  4000  hertz  cannot  be  transmitted  and  must 
be  eliminated  before  sampling.  To  accomplish  this,  the  voice  signals  are 
passed  through  a  low  pass  filter  to  attenuate  frequencies  above  3500  hertz. 
Because  of  equipment  design  and  noise  considerations,  frequencies  below  200 
hertz  are  also  attenuated.  Using  a  relatively  precise  clock,  the  voice 
signals  are  sampled  8000  times  per  second  and  converted  into  discrete  voltage 
levels  corresponding  to  the  sampled  analog  signal.  This  is  called  pulse 
amplitude  modulation  (PAM).  The  PAM  signals  are  fed  through  a  gate  and  onto  a 
PAM  bus  with  each  channel  in  sequence  (1,  2,  3,  4, 24). 

3.2.2  Each  PAM  signal  is  converted  into  "bits"  of  encoded  information 
(ones  and  zeros)  by  the  encoder.  Each  group  of  bits  represents  a 

specific  PAM  voltage.  D3  channel  banks  use  an  eight  bit  code,  allowing  for 
256  possible  code  levels,  of  which  127  positive,  127  negative,  and  zero  are 
used.  The  all  zero  code  is  not  used;  a  zero  level  is  transmitted  as  all 
ones.  This  encoding  process  is  called  Pulse  Code  Modulation  (PCM).  D3 
channel  banks  use  nonlinear  encoders  and  decoders  (unequal  coding  steps)  to 
improve  voice  quality  with  fewer  coding  steps  than  would  be  required  for  a 
linear  encoder  providing  similar  quality.  The  coding  steps  are  small  for  low 
amplitude  level  samples,  e.g.,  1  millivolt,  and  larger  for  high  level  samples, 
e.g..  128  millivolts.  From  the  encoder,  the  bits  are  transmitted  on  a  PCM  bus 
in  groups  of  8  unipolar  pulses  in  the  proper  channel  sequence.  The  bits 
corresponding  to  the  sampling  of  24  channels  in  sequence  are  called  a  frame. 
An  extra  bit,  called  a  framing  bit,  is  added  at  the  end  of  each  frame.  Since 
there  are  8  bits  per  channel  and  24  channels,  each  frame  consists  of  193  bits 
(8  X  24  +  1  framing  bit). 
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Since  there  are  8000  frames  transmitted  per  second,  the  overall  transmission 
rate  is  1.544  Mb/s  (193  x  8000).  This  is  the  Tl  or  DSl  rate  used  as  the  basic 
building  block  for  digital  transmission  in  North  America. 

3.2.3  The  framing  bits  are  generated  in  the  transmitter  in  a  special 
sequence  so  that  the  receiver  can  be  synchonized  with  the  transmitter. 

The  framing  bits  form  a  repeating  pattern  (100011011100)  every  twelve  frames. 
These  twelve  frames  are  called  a  superframe.  The  odd  numbered  bits  in  the 
framing  sequence  form  an  alternating  1  and  0  pattern  (101010)  which  1s  used 
for  framing  synchronization.  The  even  framing  bits  beginning  with  bit  12  form 
a  OOOni  pattern.  Considering  only  these  even  bits,  it  is  seen  that  the  bit 
changes  during  the  sixth  and  twelfth  frames.  This  change  is  used  to  Indicate 
that  signaling  Information  is  contained  in  these  frames  as  described  in  the 
fol lowing  paragraph. 

3.2.4  Voice  and  signaling  Information  for  each  channel  is  combined  in  the 
outgoing  bit  stream.  The  least  significant  bit  of  each  channel  is  used 

from  signaling  every  sixth  frame.  This  implementation  is  commonly  called 
"robbed  bit  signaling".  In  this  implementation  only  7  5/6  bits  are  used  for 
voice  encoding.  Since  the  6th  and  12th  frames  are  used  for  signaling,  there 
are  two  signaling  channels  (A  and  B)  available  for  each  voice  channel.  The 
signaling  bit  transmitted  in  the  6th  frame  is  called  the  A-bit  and  the 
signaling  bit  in  the  12th  frame  is  the  B-bit.  Each  signaling  channel  contains 
1333  bits  per  second  (8000/6).  All  dialing,  ringing,  and  supervisory 
Information  Is  transmitted  from  one  terminal  to  another  via  the  signaling 
channels.  The  1.544  Mb/s  bit  stream  consisting  of  unipolar  pulses  is  fed  into 
a  bipolar  converter  for  transmission  on  a  paired  telephone  cable.  The  reasons 
from  bipolar  conversion  are  discussed  in  paragraphs  2.5.2  and  illustrated  in 
Figure  1 . 

3.2.5  The  master  clock  can  be  driven  from  an  Internal  1.544  MHz  -  50  Hz 
generator  or  can  be  synchronized  locally  or  on  the  received  bit  stream 

for  synchronous  operation  such  as  a  direct  interface  to  a  digital  interface  to 
a  digital  central  office.  The  -  50  Hz  generator  stability  is  established 
primarily  to  narrow  the  "pull-in"  range  of  the  transmitter  for  nonsynchronous 
operation  but  is  not  required  for  synchronous  operation.  Where  channel  banks 
provide  the  terminations  at  both  ends  of  a  system,  the  transmitter  at  each  end 
Independently  generates  its  1.544  Mb/s  clock.  The  receivers  clock  on  the 
incoming  bit  streams.  No  other  synchronization  of  signals  is  necessary  and  a 
relatively  wide  frequency  variation  can  be  tolerated,  e.g.,  -  200  Hz. 

3.2.6  The  receiver  functions  much  like  the  transmitter,  only  in  reverse.  The 
decoding  process  is  outlined  briefly  below.  The  bipolar  bit  stream  is 

received  and  converted  into  unipolar  pulses.  Timing  and  framing  information 
is  extracted  from  the  received  bit  stream  to  synchronize  the  receiver.  As 
noted  previously,  the  received  bit  stream  also  controls  the  transmitter  when 
the  system  is  synchronized  on  a  distant  digital  central  office.  The  input 
separates  the  voice  and  signaling  bits  and  the  decoder  converts  the  voice  bits 
into  a  PAM  signal.  The  PAM  signal  is  gated  into  the  proper  channel  through  a 
low  pass  filter  which  attenuates  frequencies  above  3500  Hz  and  aids  in 
reconstructing  a  voice  signal  much  like  the  original  analog  signal.  Some 
residual  distortion  remains  because  of  the  limited  number  of  encoding  levels 
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and  the  sampling  rate.  The  analog  voice  signal  is  then  amplified  and  passed 
through  the  voice  frequency  hybrid  into  the  analog  telephone  network. 

3.2.7  A  typical  D3  channel  bank  consists  of  24  channel  cards  and  common 

equipment  consisting  of  a  transmit  card,  a  receive  card,  an  alarm  card, 
and  a  power  supply  card.  A  card  slot  is  generally  available  to  insert  a 
specialized  PCM  test  set  for  alignment  and  maintenance.  On  separate  shelves 
serving  several  channel  banks  are  span  terminating  equipment,  patching  jacks, 
and  other  specialized  test  and  service  units.  The  most  common  types  of 
channel  units  offered  are: 

4-wire  E  &  M  (600  ohms) 

2-wire  E  &  M  (600  or  900  ohms) 

2-wire  Dial  Pulse  Originating  (600  or  900  ohms) 

2-wire  Dial  Pulse  Terminating  (600  or  900  ohms) 

4-wire  without  Signaling  (600  ohms) 

3.3  D4  Channel  Bank:  The  D4  type  channel  bank,  used  almost  exclusively  for 

new  trunk  carrier  installations,  is  designed  in  48  channel  groups  for  Tl , 
TIC,  and  T2  span  line  applications.  Essentially  a  lower  cost,  smaller 
combined  packaging  of  two  D3  channel  banks  (24  channels  each),  the  D4  channel 
bank  is  arranged  for  five  possible  modes  of  operation.  Figure  3  illustrates  a 
typical  arrangement  of  a  D4  channel  bank  and  Figure  4  shows  the  D4  modes  of 
operation.  The  general  operation  of  the  D4  channel  bank  (encoding,  decoding, 
etc.)  is  basically  the  same  as  described  previously  for  the  D3  channel  bank. 
Differences  are  described  in  later  paragraphs. 

3.3.1  D4,  Mode  1 :  In  Mode  1  operation,  48  channels  are  combined  and 
operated  at  the  DSIC  level  over  a  TIC  span  line  (3.152  Mb/s).   The 

transmit  unit  combines  two  synchronized  DSl  signals  (1.544  Mb/s  each)  and 
adds  framing  bits  (64  kb/s). 

3.3.2  D4,  Mode  2:  Mode  2  operation  consists  of  48  channels  combined  as 
if  they  were  two  D3  channel  banks  using  the  equivalent  of  an  MIC 

multiplexer.  The  output  of  Mode  2  is  at  the  DSIC  level  (3.152  Mb/s).  The 
distant  terminal  can  be  another  D4  terminal  operating  at  Mode  2  or  two 
colocated  or  separate  D3  type  channel  banks  and  an  MIC  multiplexer.  Mode  2 
differs  from  Mode  1  in  that  it  uses  an  MIC  frame  format  and  the  24  channel 
groups  do  not  require  synchronization. 

3.3.3  D4,  Mode  3:  In  Mode  3  operation,  48  channels  are  operated 
independently  as  two  separate  D3  channel  banks  over  two  Tl  span  lines. 

3.3.4  D4,  Mode  4:  Mode  4  operation  consists  of  two  colocated  48  channel  D4 
groups  combined  and  operated  at  the  DS2  level  over  a  T2  span  line 

(6.312  Mb/s).  The  distant  end  can  be  another  D4,  Mode  4  terminal  or  one  to 
four  terminal  locations  of  24  channel  groups  operated  over  Tl  span  lines  and 
combined  with  an  M12  multiplexer  at  a  common  location. 

3.3.5  D4,  Mode  5:  Mode  5  operation  is  the  same  as  Mode  4  except  the  DS2 
Interface  is  optical  rather  than  electrical. 
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3.3.6  04  channel  banks  generally  use  a  codec  per  channel  rather  than  shared 

codecs  used  in  D3  and  earlier  channel  banks.  This  provides  easy  access 
to  the  bit  stream  for  high  speed  data.  The  1.544  Mb/s  bit  stream  can  be 
accessed  in  multiples  of  64  kb/s  for  each  voice  channel  when  clear  channel 
capability  is  used  or  in  multiples  of  56  kb/s  when  robbed  bit  siqnalinq  is 
used.  ^ 


3.3.7  Modes  1,  2,  and  4  require  multiplexers  to  operate  at  DSIC  and  DS2 

rates.  These  multiplexers  are  plug-1n  cards  in  the  D4  channel  bank. 
Few  equipment  changes  are  required  to  change  from  one  operation  mode  to 
another.  With  the  multiplexers  designed  as  an  integral  part  of  the  D4  channel 
bank,  costs  are  reduced  over  the  separate  units  used  with  D3  channel  banks. 

3-^  PCM  Subscriber  Carrier:  The  model  for  the  majority  of  present  day  PCM 
subscriber  carrier  is  the  D3  trunk  carrier  channel  bank.  Some  areas  of 
the  specification  requirements  may  be  relaxed  slightly  where  D3  is  used  for 
subscriber  service.  The  carrier  system  subscriber  channel  Is,  in  effect,  a 
central  office  line  circuit  located  remotely  from  the  central  office   Though 
notan  exact  duplicate  of  the  CO  line  circuit,  it  does  extend  some  of  the 
basic  line  circuit  functions  to  the  remote  location.  PCM  subscriber  carrier 
systems  generally  use  D3  voice  encoding.  The  signaling  bits  along  with  the 
framing  bits  and  Inband  tones  are  used  for  various  signaling,  status 
reporting,  testing,  alarm,  and  other  functions.  These  functions  are  not 
standardized  among  the  systems  of  the  various  manufacturers. 

3.4.1  Dialing  is  accomplished  in  PCM  subscriber  carrier  much  the  same  as  in 
trunk  carrier.  The  signaling  bits  simply  denote  on-hook  and  off-hook 
conditions.  To  avoid  CO  overload,  subscriber  systems  generally  go  into  an 
on-hook  condition  during  failure  rather  than  the  disconnect  and  make-busy 
condition  used  with  trunk  systems.  The  on-hook  and  off-hook  signaling  can 
easily  be  handled  by  one  signaling  channel  leaving  the  second  signaling 
channel  for  other  functions. 

3-4-2  Single  party  ringing  in  a  PCM  subscriber  carrier  system  1s  generally 

accomplished  by  switching  a  common  ringing  generator  located  at  the 
remote  terminal  into  the  channel  unit  assigned  to  the  subscriber  to  be  rung. 
Normally  a  20  hertz  sine  wave  generator  is  used.  Signaling  channel  A  Is  used 
to  control  application  and  removal  of  the  ringing  voltage  at  the  subscriber 
carrier  terminal . 

3-4.3  Multiparty  ringing  is  normally  accomplished  using  bridged  frequency 
ringing  (BFR).  Signaling  between  the  office  and  remote  terminal  Is 
accomplished  via  signaling  Channel  A.  In  most  systems,  bursts  of  I's  and  O's 
are  transmitted  at  the  assigned  ringing  frequency  from  the  office  terminal  to 
the  remote  terminal.  The  ringing  voltage  at  the  assigned  frequency  Is  then 
formed  by  the  subscriber  channel  unit. 

3-4.4  Other  siqnalinq  functions  can  also  be  accomplished  with  subscriber 

carrier,  e.g.,  foreign  exchange  service  and  paystation  signaling. 
These  special  services  are  provided  via  specialized  plug-in  channel  units. 
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^•^•5  Distributed  Subscriber  Carrier  systems  are  available  from  several 

manufacturers.  These  systems  enable  subscriber  channels  to  be  placed 
at  several  locations  along  a  single  Tl  span  line.  One  such  system  allows  up  to 
6  subscriber  channels  to  be  located  in  up  to  4  remote  terminals  along  a  span 
line.  The  equivalent  of  channel  bank  common  equipment  is  required  at  each 
remote  terminal.  In  many  cases,  ac  power  is  not  required  at  the  remote 
terminals.  The  terminals  can  be  operated  via  dc  power  from  the  central  office 
over  an  order  wire  or  a  spare  wire  pair.  However,  ac  power  may  be  required 
for  long  subscriber  loops. 

3-5  Extended  Superframe  Format:  Newer  D4  channel  banks  and  subscriber 
4.U   carrier  systems  provide  a  frame  format  consisting  of  24  DSl  frames  rather 
than  the  12  frame  superframe  discussed  previously.  This  is  called  the 
Extended  Superframe  Format  (ESF).  Technological  advances  enable  only  six  of 
the  24  framing  bits  to  be  used  for  actual  framing  synchronization.  The 
remaining  18  framing  bits  can  be  used  for  other  specialized  purposes  as 
described  in  the  following  paragraphs. 

3.5.1  Twelve  of  the  frame  bits  in  the  ESF  are  used  as  a  Facility  Data 
Link  (FDD.  This  4  kb/s  channel  can  be  used  in  various  applications 

such  as  protection  switching,  alarms,  loopback.  supervisory  signaling,  network 
T?r;l?o''n^!°[l  ^"^  maintenance.  The  Exchange  Carriers  Standards  Association 
111:1/88-001  document  Carrier  to  Customer  Installation-DSl  Metallic  Interface" 
provides  standards  for  the  FDL.  Enhanced  uses  for  the  FDL  are  under  study. 

3.5.2  The  remaining  6  framing  bits  are  used  as  a  Cyclic  Redundancy 
Check  (CRC-6).  The  CRC-6  Is  used  to  determine  that  the  bit  stream 

received  at  the  distant  end  is  an  exact  duplicate  of  the  transmitted  bit 
stream   The  CRC-6  can  be  used  in  various  functions  such  as  false  framing 
protection  protection  switching,  terminal-to-terminal  performance  monitoring 
and  automatic  restoration  after  alarms. 

3.5.3  As  in  the  superframe  format  described  previously,  robbed  bit  signaling 
^   ^. can  be  used  in  ESF.  Since  there  are  24  DSl  frames  in  the  ESF  and 

signaling  bits  are  transmitted  every  sixth  frame,  there  are  four  signaling 
channels  (A,  B,  C,  and  D)  available  rather  than  the  two  for  the  superframe 
format.  This  provides  for  16  possible  signaling  states. 

^•^  Clear  Channel  Capabilitv  (CCC):   Traditional  DSl  terminal  systems  and 
multiplexers  are  able  to  use  only  56  kbps  of  the  64  kbps  DSl  channel 
bandwidth  for  information  transfer  because  of  constraints  placed  on  the  bit 
stream.  I.e.,  the  "ones  density"  requirements  state  that  no  more  than  15 
consecutive  zeros  may  be  transmitted  and  at  least  N  "ones"  must  be  transmitted 
in  every  series  of  8(N+1)  digit  time  slots  where  N  is  equal  to  1  through  23 
in  other  words,  long  strings  of  consecutive  zeroes  are  not  permitted   Most 
current  equipment  places  a  "1"  bit  in  the  next  to  least  significant  bit 
position  of  any  channel  word  which  contains  all  zeroes  prior  to  transmission 
Ih  ^]^u°'^'"°u^^  called  B-7  Zero  Code  Suppression.  In  order  to  fully  utilize 
the  64  kbps  channel  bandwidth  it  is  necessary  to  provide  a  substitution  code 
which  can  be  uniquely  identified  by  the  receiving  equipment. 

3  6.1  Several  methods  have  been  proposed  to  provide  Clear  Channel  Capability 
and  currently  two  of  these  methods  have  been  standardized.  The  more  widely 
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adopted  of  these  methods  is  called  "Bipolar  with  8  Zero  Substitution"  or 
B8ZS.  B8ZS  substitutes  a  string  of  "1"  bits  and  "0"  bits  with  a  pair  of 
bipolar  violations  for  e^ery   string  of  8  consecutive  zeros  in  the  DSl  bit 
stream.  Because  the  bipolar  violations  convey  information,  and  are  not 
errors,  the  equipment  used  to  process  and  test  the  bit  stream  must  be  designed 
to  handle  these  violations  appropriately.  For  example,  traditional  automatic 
protection  switching  (APS)  systems  are  designed  to  operate  based  on  a 
threshold  of  bipolar  violations  and  remove  these  violations  from  the  bit 
stream.  Obviously,  where  B8ZS  is  used,  the  APS  must  be  able  to  differentiate 
between  the  substitution  code  and  bipolar  errors. 

3.6.2  A  second  method  used  to  provide  CCC  is  called  "Zero  Byte  Time 

Slot  Interchange"  or  ZBTSI.  ZBTSI  removes  selected  strings  of  8 
consecutive  zeros  and  replaces  the  string  with  an  address  code  to  identify  its 
location  in  the  bit  stream.  ZBTSI  can  be  used  with  existing  equipment  with 
minor  modifications  to  the  DSl  transport  facility  but  as  noted  above  B8ZS 
requires  extensive  equipment  changeout.  Certain  manufacturers  have  also 
designed  equipment  which  converts  between  B8ZS  and  ZBTSI. 

3.7  Alarms  and  Maintenance:  Alarm,  maintenance  and  test  functions  are 

relatively  easy  to  initiate,  transmit,  and  register  using  digital 
techniques.  There  is  a  wide  range  of  alarm  and  maintenance  hardware 
available.  Present  capability  ranges  from  simple  alarm  indications  to  large 
centralized  maintenance  systems.  Some  of  the  basic  alarm  and  maintenance 
functions  are  standardized  for  trunk  carrier  systems.  However,  the  majority 
are  not,  especially  for  subscriber  carrier  systems.  The  ability  to  provide 
elaborate  alarm,  test,  or  control  functions  from  a  remote  location  is  limited 
primarily  by  economics  rather  than  by  technology.  When  digital  subscriber 
carrier  systems  are  installed  in  larger  quantities  in  a  single  location, 
maintenance  functions  become  more  practical  than  for  distributed  systems.  The 
following  paragraphs  provide  a  summary  of  alarm  and  maintenance  techniques  for 
digital  terminal  and  multiplex  equipment.  Refer  to  TE&CM  Section  956  for  a 
discussion  of  span  line  interrogation  and  automatic  protection  switching. 

3.7.1  In  the  digital  trunk  network,  basic  alarm  indications  are  generated  in 
terminal  and  multiplex  equipment  and  this  information  is  transmitted  to 

distant  locations  as  an  integral  part  of  the  bit  stream.  For  universal 
interface,  Bellcore  specifications  identify  certain  alarm  conditions  and 
specify  how  the  information  is  to  be  transmitted. 

3.7.2  Channel  banks  in  trunk  service  have  standard  red  and  yellow  alarm 
indicators  incorporated  in  the  equipment.  A  red  alarm  indicates  a  loss 

of  signal  or  framing  at  the  receive  terminal.  A  yellow  alarm  indicates  a  loss 
of  signal  or  framing  at  the  distant  terminal.  A  local  failure  (red  alarm) 
causes  a  yellow  alarm  to  be  transmitted  by  forcing  bit  2  for  each  channel  to 
zero  in  the  transmitted  DSl  bit  stream.  A  terminal  service  failure  initiates 
a  carrier  group  alarm  (CGA)  which  forces  the  trunk  channels  at  both  ends  into 
a  disconnect  and  make-busy  (DMB)  condition.  The  system  is  automatically 
restored  when  the  alarm  condition  is  cleared. 
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3.7.3  An  MIC  multiplexer  failure  indication  is  transmitted  in  the  "M"  bits 
used  for  framing  in  the  DSIC  bit  stream.  An  M  bit  begins  each  of  the 

four  subframes.  The  M  bit  pattern  is  transmitted  as  01 IX  where  X=0  when  an 
alarm  condition  exists  and  X=l  during  a  normal  condition.  Other  M-type 
multiplexers  use  a  similar  alarm  bit  sequence. 

3.7.4  Digital  subscriber  carrier  terminals  generally  use  the  same  basic  red 
and  yellow  alarms  described  above  for  trunk  terminals.  Subscriber 

channels  are  normally  forced  into  a  disconnect  and  make-idle  condition  during 
a  service  failure  to  avoid  permanent  central  office  seizures.  Subscriber 
carrier  systems  generally  provide  a  number  of  other  simple  alarm  functions  as 
a  part  of  the  basic  equipment.  Subscriber  terminal  alarm  information  is 
transmitted  to  the  central  office  in  the  bit  stream.  Alarm  conditions  include 
subscriber  terminal  ac  power  failure,  battery  charger  failure,  housing  door 
open  and  other  abnormal  conditions  that  may  soon  affect  service.  These  alarm 
indications  may  be  retransmitted  to  a  central  location  as  major  and  minor 
alarms  or  as  specific  alarms. 

3.7.5  Some  maintenance  and  test  features  are  standard  in  D3  and  D4  trunk 
channel  banks.  Basic  transmission  tests  and  alignment  can  be  made  at 

one  end  of  a  system  with  the  channel  bank  in  a  "looped"  mode.  Test  codes  can 
be  generated  to  digitally  provide  1000  hertz  or  another  frequency  at  zero  dBmO 
to  align  receivers.  Transmitters  can  then  be  aligned  using  these  precisely 
aligned  receivers.  To  isolate  noise  between  a  transmitter  and  receiver,  an 
all  ones  code  (except  framing)  can  be  sent.  All  ones  represents  no  voice 
signal  (digital  quiet  condition). 

3.7.6  Manufacturers  enhanced  these  basic  test  features  and  extended  them  into 
subscriber  service.  Remote  testing  of  equipment  and  facilities  becomes 

more  desirable  as  the  distances  between  equipment  locations  and  available 
personnel  increase.  Many  equipment  and  facility  faults  can  be  determined  from 
the  CO  terminal  and  from  a  centralized  test  location.  Remote  testing  of 
subscriber  carrier  equipment  and  associated  cable  facilities  between  the 
carrier  terminals  and  subscriber  drops  can  be  done  in  varying  degrees 
depending  on  the  carrier  type.  The  test  and  control  signals  are  transported 
as  specified  bits  in  the  bit  stream,  in  carrier-derived  voice  frequency 
circuits  and/or  over  express  cable  pairs  to  the  remote  locations.  If 
sufficient  channels  are  installed  at  a  single  location,  they  may  be 
economically  treated  as  a  central  office  or  major  wire  center  for  remote 
testing  purposes. 

3.7.7  The  introduction  of  new  digital  alarm  and  maintenance  systems  is 
expected  to  continue.  The  rapid  development  of  digital  hardware  and 

software  promotes  competition  but  discourages  standardization.  The  Extended 
Superframe  Format  discussed  previously  provides  extra  bits  which  can  be  used 
for  maintenance  purposes.  The  exact  uses  for  all  of  these  bits  have  not  been 
defined  and  it  is  not  expected  that  there  will  be  a  standardization  of  usage 
among  the  various  manufacturers. 

3.8  Digital  Interface:  The  transmission  of  information  in  a  digital  format 

and  the  modular  characteristics  of  digital  system  hardware  make  it 
possible  to  operate  transmission  and  switching  as  separate  or  integrated 
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systems.  An  Integrated  digital  network  can  be 
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3.8.1  The  following  is  a  brief  discussion  on  the  use  of  D3  and  D4  trunk 
carrier  channel  banks  and  PCM  (D3)  subscriber  carrier  systems 

interfaced  to  the  network  on  a  direct  digital  basis. 

3.8.2  With  the  introduction  of  digital  switching,  bit  streams  may  enter  the 
digital  network  and  be  switched  one  or  more  times  before  being  decoded 

at  some  distant  location  by  a  digital  switch  or  D3  or  D4  channel  bank. 
Switching  and  loss  Insertion  as  required  to  meet  the  network  loss  plan  can  be 
accomplished  digitally  by  the  rearrangement  or  other  alteration  of  the 
bit  stream. 

3.8.3  The  economic  and  technical  advantages  of  Integrated  transmission  and 
switching  are  significant  especial ly  for  subscriber  services.  On  the 

technical  side,  the  voice  could  be  encoded  at  or  near  the  calling  subscriber's 
telephone  set  and  decoded  at  or  near  the  called  subscriber.  The  transmission 
quality  of  the  circuit  would  depend  almost  entirely  on  the  characteristics  of 
a  single  encoder  and  decoder.  The  signal  is  not  significantly  affected  by  the 
digital  transmission  and  switching  path.  One  exception  is  that  the  digital 
switch  is  synchronized  on  a  frame  rather  than  a  superframe  basis.  As 
described  previously,  the  least  significant  bit  of  each  channel  is  used  for 
signaling  every  sixth  frame.  The  lack  of  superframe  synchronization  increases 
the  probability  of  robbing  this  voice  bit  from  other  frames  each  time  the  bit 
stream  is  switched.  Eventually  the  least  significant  bit  will  be  lost 
completely.  However,  voice  quality  will  remain  good  as  long  as  there  is  only 
one  (or  few)  analog  to  digital  conversions  in  the  transmission  path.  Data 
transmission  Is  also  enhanced  through  the  use  of  integrated  transmission  and 
switching.  The  digital  bit  stream  provides  for  wideband  data  (56  kb/s  per 
voice  channel  plus  signaling  or  64  kb/s  when  Clear  Channel  Capability  and 
Common  Channel  Signaling  are  available)  and  is  more  immune  to  interference 
than  analog  techniques.  Where  digital  data  is  switched,  digital  attenuators 
should  not  be  used.  The  digital  attenuator  would  restructure  the  eight  bit 
codes  and  change  the  data  bit  stream. 

3.8.4  The  economic  advantages  in  using  a  direct  digital  Interface  are 
largely  savings  brought  about  by  the  elimination  of  trunk  circuits  and 

line  circuits  in  the  central  office.  This  is  somewhat  offset  by  added 
complexity  of  the  digital  switch  for  things  such  as  digital  attenuation  and 
special  software. 
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3-8.5  Digital  Loop  Carrier  Systems:  Digital  Loop  Carrier  (DLC)  systems, 

often  called  concentrators,  are  available  with  interface  to  a  digital 
switch  on  an  analog  or  digital  basis.  As  with  trunk  and  subscriber  carrier 
systems,  the  interface  is  largely  analog  for  DLC  systems  and  digital  switches 
of  different  manufacturers  with  some  exceptions.  DLC  systems  which  interface 
on  a  direct  digital  basis  are  often  called  Integrated  Digital  Loop  Carrier 
(IDLC)  systems  while  those  interfacing  on  an  analog  basis  are  called  Universal 
Digital  Loop  Carrier  (UDLC)  systems.  The  use  of  an  IDLC  system  eliminates  the 
need  for  a  CO  terminal  and  line  circuits. 

4.   RECOMMENDATIONS 

4.1  General:  Generalized  recommendations  on  the  selection  and  application  of 

digital  transmission  equipment  are  briefly  summarized  in  the  following 
paragraphs.  There  is  a  variety  of  hardware  currently  available  and  more  under 
development.  The  application  engineer  has  a  variety  of  choices  but  few 
specifically  defined  guidelines  in  making  these  choices.  Acceptable  trunk  and 
subscriber  carrier  equipment  is  shown  in  the  REA  List  of  Materials. 

4-2  Minimizing  Obsolescence:  To  minimize  obsolescence,  the  following 

recommendations  are  made.  Choose  among  the  latest  models  of  equipment 
that  have  a  demonstrated  reliability  record.  Select  equipment  that  meets 
Industry  interface  compatibility  standards  or  meets  the  key  areas  of  those 
standards.  Where  standardization  does  not  exist,  compare  costs  over  the 
projected  life  of  all  hardware  and  software.  The  lack  of  standardization  for 
digital  hardware  and  software  for  subscriber  services  combined  with  the  rapid 
introduction  of  new  systems  is  expected  to  accelerate  software  and  equipment 
obsolescence  -  especially  for  those  systems  interfacing  switches  on  a  digital 
basis.  The  discussions  on  digital  transmission  equipment  and  techniques  in 
paragraphs  2  and  3  may  be  helpful  in  choosing  the  most  appropriate  equipment. 

4.3  Trunk  Terminal  Equipment:  Channel  banks  for  trunk  service  should  be 
chosen  for  economy,  compatibility,  flexibility,  and  ease  of  maintenance 

There  are  several  D3  and  D4  types  of  channel  banks  in  service  in  rural  areas. 
In  general,  this  equipment  has  a  reliable  service  record.  Later  systems  using 
more  recent  technology  have  Improved  transmission  characteristics,  lower  power 
consumption  and  generally  lower  cost.  Obsolescence  of  earlier  channel  banks 
have  been  a  concern  especially  for  smaller  telcos.  The  Impact  of  channel  bank 
obsolescence  is  minimized  by  the  relatively  low  cost  and  by  standardization. 
Older  systems  can  be  removed  from  service  one  channel  bank  at  a  time  and  used 
as  spares  for  other  equipment  still  In  service. 

4.4  Subscriber  Terminal  Equipment:  Each  digital  subscriber  carrier  system  is 
generally  unique.  Few,  if  any,  components  are  interchangeable  with  other 

trunk  or  subscriber  equipment.  The  use  of  integrated  switching  and 
transmissions  systems  can  result  in  significant  initial  savings.  Careful 
planning,  however,  is  needed  to  minimize  the  impact  of  obsolescence.  Because 
of  limited  standardization  in  this  area,  there  can  be  advantages  in  choosing 
smaller  separate  transmission  systems  for  subscriber  service.  Separate 
systems  can  be  relocated  with  minimal  concern  about  central  office  hardware 
and  software  interface. 
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4.4.1  Remote  subscriber  terminals  should  be  located  for  easy  access. 

Equipment  enclosures  range  from  very  small  housings  to  prefabricated  or 
masonry  buildings.  The  enclosure  choice  should  be  guided  by  Installation 
size,  frequency  of  site  visits  expected,  climate,  right-of-way  availability, 
land  costs,  etc.  Since  enclosure  costs  can  exceed  equipment  costs,  options 
should  be  reviewed  carefully.  Dependent  upon  the  equipment  type  and  the 
application,  ac  power  may  be  required  at  the  remote  termlnal(s).  Some  systems 
are  capable  of  powering  remote  terminals  from  the  CO  or  other  ac  power 
location  via  an  order  wire  or  spare  pair.  This  powering  method  Is  commonly 
called  "express"  powering. 

4.5  Multiplex  Equipment:  In  the  past,  multiplex  equipment  used  in  rural 

applications  was  generally  designed  for  efficient  use  of  the  spectrum 
rather  than  complete  standardization.  With  the  Increased  use  of  optical 
fiber,  today's  multiplex  equipment  generally  follows  the  M-type  standards. 
With  the  rapidly  growing  usage  of  the  D3  level  for  transport,  a  need  for 
synchronous  transmission  has  arisen  so  that  the  DSl  and  DSO  signals  making  up 
the  DS3  bit  stream  can  be  efficiently  manipulated.  Synchronous  transmission 
(SYNTRAN)  specifications  have  been  Issued  and  there  is  multiplex  equipment  in 
compliance  on  the  market  today.  For  lightwave  transmission,  rates  above  the 
DS3  level  are  required.  For  standardization,  a  Synchronous  Optical  Network 
(SONET)  standard  is  being  finalized.  Multiplex  equipment  conforming  to  the 
SONET  standard  should  be  on  the  market  in  the  near  future.  Careful 
consideration  of  the  particular  application  should  be  undertaken  in  the 
selection  of  multiplex  equipment. 


4.6  Alarms  and  Maintenance 


Alarm  and  mainte 
varied.  These  In 


multiplex  equipment  are 
provide  many  features,  but  standardization  is 
specified  for  D-type  channel  banks  for  trunk  s 
It  is  recommended  that  all  digital  systems  con 
systems  to  minimize  the  period  subscribers  wil 
failures.  More  elaborate  alarm  and  maintenanc 
primarily  on  an  economic  basis.  Additional  eq 
by  improved  service  and  operating  costs. 


nance  systems  In  terminal  and 
tegrated  and  separate  systems 
limited  to  the  basic  features 
ervice  and  M-type  multiplexers, 
tain  basic  alarm  and  maintenance 
1  be  without  service  during 
e  systems  should  be  compared 
uipment  costs  should  be  offset 


4.7  Software  Compatibility:  As  digital  systems  have  incorporated  more 

microprocessors  for  various  functions  such  as  signaling,  testing  and 
automated  alarms,  the  potential  for  Incompatibility  has  Increased  for 
transmission  systems  and  integrated  transmission  and  switching  systems. 
Microprocessor  operations  generally  require  acknowledgment  of  execution 
commands.  The  speed  of  operation  is  limited  by  the  round  trip  delay  of  the 
transmitted  and  received  signals.  Equipment  performance  is  optimized  between 
operational  speed  and  application  limits.  It  is  important  that  the 
application  engineer  consider  maximum  system  length  and  other  software 
compatibility  factors  as  well  as  hardware  and  function  compatibility.  It  is 
recommended  that  the  engineer  outline  all  present  and  future  system 
requirements  and  obtain  written  assurances  regarding  compatibility  from  the 
Seller  prior  to  equipment  purchase. 
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FIGURE  1 

Unipolar  and  Bipolar  Pulses 

A.   Unipolar  to  Alternate  Bipolar  Conversion 


B.   Power  Spectrum  <T1) 
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FIGURE  3 

04  Channal  Bank 
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FIGURE  4 

D4  CHANNEL  BANK  MODES  1-4 
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'—7  1.   GENERAL 


1.1  This  section  provides  REA  borrowers,  consulting  engineers  and  other 
interested  parties  with  infonration  and  reconmendations  on  digital 

transmission  systems.  The  section  specifically  covers  digital  terminal 
equipment,  or  channel  banks.  Digital  multiplexers,  teminal  maintenance 
systems  and  alarms  are  briefly  covered  also.  Refer  to  TE&CM  Section  950 
for  an  overview  and  sumrary  discussion  on  digital  transmission,  and  refer 
to  TE&OM  Section  951  for  a  glossary  of  digital  transmission  terminology. 
Digital  span  lines,  span  line  interrogation  and  automatic  protection  switches 
(APS)  are  covered  in  TE&OV!  Section  956. 

1.2  In  general,  a  digital  channel  bank  or  terminal  consists  of  the  necessary 
equipment  to  encode  and  decode  analog  signals  (voice  and  signaling) 

into  a  digital  bit  stream.  Channel  banks  are  generally  arranged  in  24  channel 
groups,  or  in  multiples  of  24  channels.  Certain  interface  criteria  are  spec- 
fied  or  otherwise  implied  by  equipment  specifications,  application,  or  commonly 
used  terminology.   REA  Specifications  PE-60  and  PE-64  outline  some  of  these 
requirements.  While  other  equipment  types  and  encoding  processes  are  discussed, 
terminal  equipment  or  channel  banks  referenced  in  this  section  generally  refer 
to  adaptations  of  the  D3  type  channel  bank  transmitted  over  Tl  type  span  lines. 
This  iirplies  24  voice  channels  (with  signaling),  sampled  at  8000  times  per 
second,  utilizing  a  y  =  255  companding  law,  encoded  into  8  bits  per  sample  re- 
presenting 255  coding  levels  and  resulting  in  a  1,544  Mb/s  bit  stream  of 
defined  characteristics  such  as  density,  height,  width  and  shape. 


*l 
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1.3  Currently,  most  digital  infonretion  is  transmitted  at  the  DSl  rate 
of  1.544  Mb/s  over  Tl  type  span  lines  on  paired  telephone  cables. 
Basic  DSl  signals  are  also  canbined  or  multiplexed  to  form  higher  rate 
digital  signals  for  transmission  over  paired  cables,  radio,  optical  fibers 
and  coaxial  cables.  A  brief  discussion  of  digital  multiplexers  is  included 
in  this  section  to  provide  a  description  of  how  the  separate,  nonsynchronized 
DSl  signal  inputs  are  multiplexed  to  form  a  higher  bit  rate  synchronized 
output.  The  discussion  is  limited  in  scope,  and  is  not  intended  as  a  com- 
plete discussion  of  specific  multiplex  equipnent. 

2.   DIGITAL  TECHNIQUES  AND  CHARACTERISTICS 

2.1  This  discussion  summarizes  some  of  the  techniques  used  for  digital 

encoding,  transmission  and  multiplexing.  Technical  characteristics  of 
the  digital  signals  and  the  decoded  analog  signals  of  several  techniques  are 
briefly  reviewed  and  compared.  Emphasis  is  placed  on  D3  voice  encoding  as 
a  telephone  industry  standard. 

2.1.1  Digital  transmission  systems  began  in  trunk  service  as  Western 
Electric  Dl  channel  banks  (and  Tl  span  lines) .  From  this  evolved 

the  DIA,  DIB,  DlC,  DID,  D2  /  D3  and  D4  channel  banks  for  trunk  service,  and 
variations  of  Dl,  D3  and  differential  PCM  for  subscriber  service.  The  inde- 
pendent rranufacturers  generally  provided  versatile  channel  banks  that  were 
made  corrpatible  with  several  Western  Electric  channel  banks  by  strapping 
options  or  special  plug  in  cards. 

2.1.2  Digital  systems  for  voice  transmission  use  nonlinear  encoding 

(unequal  coding  steps)  .  With  early  terminals ,  this  was  acconrplished 
by  instantaneous  compandors  (compressors  and  expanders)  and  linear  coders 
and  decoders  (equal  coding  steps) .  Later  terminals  utilize  nonlinear 
encoders  and  decoders  to  achieve  the  same  (or  inproved)  results.  Nonlinear 
encoding  (by  using  either  a  compandor  or  by  direct  nonlinear  encoding)  pro- 
vides much  inproven^nt  in  voice  quality  with  fewer  coding  steps.  Many  times 
the  number  of  coding  steps  would  be  required  with  equal  coding  steps.  The 
coding  steps  are  small  for  low  level  samples  and  larger  for  high  level  samples. 
The  nonlinear  coding  steps  for  digital  systems  are  determined  by  a  "companding 
law"  of  y  =  100  for  Dl  channel  banks  and  y  =  255  for  D2,  D3  and  D4  channel 
banks.  European  systems  use  an  "A  law"  compandor;  but  digital  systems  m 
North  America  are  now  standardized  on  the  companding  law  of  y  =  255. 

2.2  Trunk  Systems:  The  following  is  a  brief  sumnary  of  channel  bank 
characteristics  used  for  trunk  service. 

2.2.1  Dl:  The  Dl  channel  bank  was  the  first  digital  channel  bank  used  in 
telephony.  The  analog  voice  signal  was  fed  into  an  instantaneous 
corrpandor  before  encoding.  The  voice  was  sampled  and  fed  into  a  bus  containing 
pulse  anplitude  modulated  (PAM)  signals  from  12  of  the  24  channels.  The  PAM 
signals  were  conpressed  utilizing  a  y  =  100  law,  encoded  into  7  bits  per 
PAM  sample  representing  127  coding  levels.  A  signaling  bit  was  added  for 
each  voice  encoded  sairple,  and  a  framing  bit  was  added  at  the  end  of  each  24 
channel  sequence.  This  results  in  24  x  8  =  192  +  1  -  193  bits  per  frame  x 
8000  frames/second  -  1.544  Mb/s.  Because  the  system  used  two  compandors, 
the  channel  sequence  was  1,  13,  2,  14,  3,  15,  etc.  Channels  1  through  12 
were  fed  into  one  corrpandor  and  13  through  24  into  the  second  conpandor. 
This  was  done  to  reduce  crosstalk  in  adjacent  time  slots. 
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2.2.2  DIA:  The  Dl  channel  bank  was  later  designated  as  the  DlA  channel 
bank.  The  DIA  channel  bank  used  one  of  the  eight  bits  assigned 

per  channel  each  frame  to  provide  one  signaling  channel  for  each  voice 
channel.   Some  PCM  channels  reguire  two  signaling  channels.   To  accomplish 
this  with  DIA  channel  banks,  a  bit  nomally  assigned  for  voice  encoding 
was  used.  This  left  only  6  bits  for  voice  encoding,     resulting  in 
greater  noise  and  distortion  during  this  signaling  condition. 

2.2.3  DIB:  The  DIB  channel  bank  is  the  same  as  the  DlA,  except  that  the 
signaling  bit  was  divided  into  four  segment  (a  super  frame  of  four 

frames)  to  provide  two  signaling  channels.  This  allowed  the  seven  remaining 
bits  to  be  used  for  voice  encoding  at  all  times.  The  independent  manu- 
facturers provided  Dl  channel  banks  that  could  be  arranged  for  either  DIA 
or  DIB  signaling. 

2.2.4  piC:  The  DlC  was  a  special  purpose  Dl  channel  bank  used  in  TSPS 
applications.  The  signaling  bit  for  all  24  voice  channels  were 

combined  into  a  separate  high  speed  data  channel  (192  kb/s) . 

2.2.5  DID:  After  D2  and  D3  channel  banks  were  placed  in  service.  Western 
Electric  developed  a  rrodified  version  of  the  Dl  channel  bank  to 

achieve  D3  voice  guality.  This  was  designated  the  DID,  and  was  developed 
to  utilize  the  large  quantities  of  Dl  racks  and  shelves  already  installed 
The  independent  manufacturers  utilized  D3  channel  banks  to  meet  DID  appli- 
cation requirements  by  changing  the  channel  sequence  from  1,  2,  3,  4,  etc., 
(for  D3)  to  1,  13,  2,  14,  etc.  (for  Dl) .  This  change  was  accomplish'by 
a  plug-m  card  or  by  a  change  in  channel  bank  backplane  wiring,  depending 
on  the  specific  type  and  age  of  equipment. 

2.2.6  D2:  The  D2  channel  bank  was  developed  to  achieve  a  higher  quality 
voice  circuit  for  intertoll  applications.  The  D2  bank  utilizes 

8  bit  non  linear  voice  encoding  to  derive  255  coding  levels.  The  non  linear 
coding  steps  are  detemined  by  a  companding  law  of  y  =  255.  Two  signaling 
channels  are  providing  by  "robbing"  the  least  significant  voice  bit  every 
sixth  frame.  On  the  sixth  frane,  signaling  channel  A  is  transmitted-  and 
on  the  12th  frame,  signaling  channel  B  is  transmitted.  TWelve  frames  are 
a  super  frame,  and  the  sequence  repeats.  The  Western  Electric  D2  was 
designed  m  96  channel  groips  for  Tl  application  (24  channels)  and  T2  appli- 
cation (96  channels) .  The  Independent  manufacturers  responded  to  independent 
telco  needs  by  designing  D2  channel  banks  in  24  channel  groups   The  D2 
channel  sequence  is  12,  13,  1,  17  ,  5,  21  etc.   Independent  manufacturers' 
equipment  can  be  arranged  for  D2,  D3  or  DID  application  by  changing  the 
channel  sequence  (and  perhaps  other  minor  considerations) . 

2.2.7  D3:  The  Western  Electric  D3  channel  bank  was  designed  in  24  channel 
groups  for  Tl  application  to  provide  the  same  voice  quality  of  D2 
channel  banks.  The  channel  sequence  is  1,  2,  3,  4,  etc.  The  Independent 
manufacturers  D2  was  easily  redesigned  to  cover  both  D2  and  D3  applications 
(Field  modification  of  early  D2  systems  for  D3  application  were  sometimes 
awkward  to  accomplish.)   D3  is  considered  the  standard  for  all  digital  ecfuiD- 
ment  in  production  today.  The  D3  format  is  used  in  all  trmk  applicatiSis , 
including  high  density  applications  such  as  optical  fiber  systems  and  direct 
digital  interface  of  digital  central  office  equipment.  The  D3  voice  -needing 
is  used  for  digital  subscriber  equipment;  however,  the  use  of  signaling  and 
framing  bits  vary  with  equipment.  The  channel  sequence  for  D  banks  is- 
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2.2.8  D4:  The  D4  type  channel  bank  is  designed  in  48  channel  groups 
for  Tl,  TIC  and  T2  span  line  application.  The  D4  channel  bank 
is  essentially  a  lower  cost,  smaller  combined  packaging  of  two  D3  channel 
banks  (24  channels  each) .  The  D4  channel  bank  is  arranged  for  five  modes 
of  operation,  with  Mode  3  being  the  same  as  two  D3  channel  banks.  D3  and 
D4  are  covered  in  more  specific  detail  in  paragraph  3. 

2.3  Subscriber  Systems:  The  following  is  a  brief  sumrery  of  characteristics 
of  systems  used  for  subscriber  service. 

2.3.1  Dl  Subscriber:  Early  versions  of  PCM  subscriber  carrier  and  in- 
tegrated carrier  -  concentrators  used  Dl  voice  encoding.  The 

signaling  bit  was  generally  used  on  a  per  channel  basis  (8  kb/s  per  channel) 
to  encode  and  initiate  dialing,  ringing  (including  a  variety  of  multiparty 
ringing),  other  signaling,  supervision,  and  test  functions.  Alanns,  status 
reporting  and  similar  functions  were  usually  handled  on  a  system  basis. 
Integrated  carrier-concentrators  generally  used  the  signaling  bits  from  all 
channels  on  a  serial  bit  stream  basis  (192  kb/s)  to  instruct  microprocessors 
to  initiate  all  signaling,  switching,  alarm,  status  and  test  functions.  PCM 
subscriber  carrier  was  generally  packaged  in  24  or  48  channel  groups  for 
transmission  over  Tl  span  lines.  One  system  provided  36  channels  using 
ternary  encoding  (three  level  pulse  stream)  utilizing  a  special  span  line 
near  the  Tl  rate. 

2.3.2  D3  Subscriber:  PCM  subscriber  carrier  and  integrated  carrier-concen-   ^p 
trators  have  standardized  on  the  use  of  D3  voice  encoding  and  most 

other  D3  system  characteristics,  except  signaling.  Present  day  D3  si±»- 
scriber  carrier  systems  generally  use  the  signaling  bits  on  a  per  channel 
basis  (8000  +  6  =  1333  b/s  per  channel) .   Integrated  carrier-concentrators 
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generally  use  the  signaling  bits  frcm  all  channels  on  a  serial  bit  stream 
basis  (32  kb/s)  to  interface  with  microprocessors.  With  the  present  micro- 
processor cost  trend,  more  use  of  microprocessors  is  expected  in  D3  sub- 
scriber carrier  eguipment  also.  D3  subscriber  carrier  is  covered  in  more 
specific  detail  in  paragraph  3. 

2.3.3  DPCM  SiJDscriber:  Differential  PCM  (DPCM)  is  a  technique  for  encoding 
and  transmitting  changes  in  amplitude  of  analog  voice  signals.  This 
is  often  called  delta  modulation,  in  reference  to  the  fact  that  the  encoded 
signal  represents  a  change  in  amplitude  rather  than  an  absolute  level.  Ac- 
ceptable voice  quality  was  attained  with  a  per  channel  rate  of  32  kb/s  to 
40  kb/s  in  subscriber  service.  This  was  more  efficient  than  the  64  kb/s  per 
channel  rate  (including  signaling)  required  for  D3  PCM.   Compared  to  D3  PCM, 
the  DPCM  technique  has  advantages  and  disadvantages.  Several  DPCM  subscriber 
carrier  and  carrier-concentrator  systems  were  developed  and  placed  into 
service.  Production  of  DPCM  equipment  has  been  discontinued  because  of 
standardization  on  D3  voice  encoding  for  all  voice  services  in  telephony. 

2-4  Multiplex  Systems:  The  digital  channel  bank  performs  the  first  level 
of  multiplexing  by  encoding  24  voice  channels  into  a  digital  pulse 
stream  suitable  for  universal  interface  and  efficient  transmission  over 
paired  cables.  Basic  DSl  signals  are  also  conbined  or  multiplexed  to  form 
higher  rate  digital  signals.  There  is  a  range  of  digital  multiplex  equipment 
that  combines  two  or  more  asynchronous  inputs  into  higher  rate  synchronized 
outputs.  Some  multiplexers  interleave  the  separate  input  bit  streams  on  a 
I  bit-by-bit  basis,  and  other  interleave  the  inputs  in  groups  of  bits.  Generally, 
the  multiplexers  are  designed  to  interface  at  the  DSl  or  other  standard  signal 
level  in  the  Bell  Syston  hierarchy,  but  may  not  follow  the  specific  signal 
format  or  bit  rate  outlined  for  standard  Bell  Systan  M-type  multiplexers  on 
both  the  input  and  output  interfaces.  Similar  techniques  are  generally  used 
for  scrambling,  stuffing  and  temporary  storage  of  bits  in  the  multiplexing 
process . 

2.4.1  The  following  is  a  generalized  description  of  a  multiplexer,  using 
the  Ml 2  as  a  model.  The  multiplexer  accepts  four  asynchronous  DSl 

inputs  and  combines  them  into  a  synchronized  DS2  output.  The  four  inputs 
are  interleaved  into  a  single  output  without  regard  to  the  inforrrHtion  content 
of  each.   (That  is,  no  attonpt  is  made  to  synchronize  the  inputs  into  frames 
or  super  frames  before  multiplexing.)  Prior  to  multiplexing,  the  second  and 
fourth  input  signals  are  inverted  (ones  becone  zeros  and  zeros  becorre  ones) 
as  a  first  stage  of  randanizing  the  multiplexed  output.  Bits  are  extracted 
fron  each  input  in  groups  of  12  bits  and  interleaved  into  a  single  bit  stream 
and  one  control  bit  is  added  (12  +  12  +  12  +  12  +  1  =  49  bits) .  This  sequence 
is  repeated  six  times  to  form  a  subframe  (49  x  6  =  294  bits)  .  The  subframe 
sequence  is  repeated  four  times  to  form  a  fraire  (294  x  4  =  1176  bits)  .  Of 
the  1176  bits  in  a  frame,  1152  are  information  bits  from  the  four  ESI  inputs 
and  24  are  for  control. 

2.4.2  The  four  inputs  are  not  synchronized,  so  they  are  fed  into  a  buffer 
store  or  elastic  store  so  they  iray  be  extracted  at  the  exact  time 

required.  The  inputs  not  only  lack  phase  synchronization,  but  also  lack 
frequency  synchronization;  that  is,  each  may  be  running  at  a  different  speed 
or  bit  rate.  Some  of  the  input  stores  will  become  empty  before  others. 
Extra  bits  are  added  to  the  bit  streams  (stuffed)  as  required  to  keep  the 
stores  from  beconing  empty.  Stuffed  bits  can  be  added  only  at  specified 
locations  (time  slots)  in  the  bit  stream,  and  the  oDntrol  bits  identify  when 
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a  stuffed  bit  has  been  added. 

2.4.3  The  24  control  bits  per  frame  are  separated  into  four  "M"  bits, 
eight  "F"  bits  and  twelve  "C"  bits.  An  M  bit  begins  each  sub- 
frame.  The  M  bit  pattern  of  ones  and  zeros  line  up  the  294  bit  subframes, 
the  1176  bit  frames  and  transmit  alann  information  frcm  the  transmitter 
to  the  receiver.  The  pattern  of  the  F  bits  and  C  bits  fiirther  line  up 
each  subframe,  and  line  up  possible  stuff  bit  timie  slots,  and  identify 

if  stuff  bits  are  transmitted.  The  stuff  bits  are  added  to  each  DSl  input 
as  required;  and  ,  if  added,  takes  the  place  of  one  DSl  information  bit 
(that  was  not  available  at  the  time  required)  .  This  provides  for  a  maximum 
of  5367  stuffed  bits  per  second  for  each  DSl  input  (about  0.3  percent  of 
the  output  bit  stream) .  The  clocks  driving  individual  DSl  inputs  do  not 
require  high  level  precision,  but  must  remain  within  specified  limits. 

2.4.4  The  multiplexer  output  bit  rate  is  the  sum  of  the  all  bit  stream 
inputs  plus  a  fixed  number  of  control  and  framing  bits  plus  a 

flexible  number  of  stuffed  bits.  The  output  is  processed  to  ensure  that 
no  more  than  five  consecutive  zeros  are  transmitted.  This  is  the  final 
stage  of  scrambling.  The  follcv/ing  are  examples  of  standardized  Bell 
System  M-type  multiplexers.  The  characteristics  of  the  DS  line  signals 
are  discussed  in  paragraph  2.5. 


Multiplex 

MIC 
M12 
Ml  3 
M23 
M34 


Input 


2  DSl 
4  DSl 
28  DSl 
7  DS2 
6  DS3 


Output 

DSIC 

DS2 

DS3 

DS3 

DS4 


Channels 

48 

96 

672 

672 

4032 


c 


2.5  Transmission  and  Multiplex  Signals:  Digital  channel  banks  and  multiplex 
equipment  encode  and  canbine  digital  signals  into  a  bit  stream  suitable 
for  efficient  transmission  and  interface.  Several  of  these  encoding  and 
format  techniques  are  discussed  and  the  signal  characteristics  are  briefly 
outlined.  Included  topics  are  unipolar  and  bipolar  pulses,  randcm  and  re- 
petitive pulse  patterns,  scrambling,  ternary  and  duobinary  encoding,  pulse 
stuffing,  buffer  stores,  and  zero  substitution  codes. 

2.5.1  Unipolar  Pulses:  Unipolar  pulses  (one  polarity)  are  used  within 
equipment  and  local  systems,  but  are  not  generally  transmitted  over 

any  distance.  Unipolar  pulses  can  be  converted  into  other  line  signals  by 
any  of  the  techniques  used  for  digital  transmission;  the  most  common  technique 
used  is  bipolar  pulse  transmission. 

2.5.2  Bipolar  Pulses:  Bipolar  pulses  are  generally  used  for  transmission 
over  exchange  cable  pairs.  Unipolar  pulses  used  in  equipment  are 

easily  converted  into  bipolar  pulses,  alterrating  in  polarity  (alternate 
bipolar  pulses) .  Bipolar  pulse  transmission  has  several  advantages  over 
unipolar  pulse  transmission.  These  are  illustrated  in  Figure  2  based  on  a 
randan  Tl  bit  stream  at  1.544  Mb/s.  The  advantages  include  the  following: 
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a. 
b. 
c. 
d. 

2.5.2.1 


Pcwer  is  concentrated  near  772  kHz. 
Lew  frequency  power  is  reduced  (no  dc) 
High  frequency  power  is  reduced. 
Errors  can  easily  be  recognized. 


In  this  discussion  of  bipolar  pulse  transmission,  it  is  generally 
assumed  that  the  pulses  are  randan  and  contain  no  bipolar  violations 
(consecutive  pulses  of  the  same  polarity) .  Most  systems  are  designed  to 
transmit  alternate  bipolar  pulses  with  no  violations.  By  design,  some  systems 
contain  low  density  bipolar  violations,  and  others  such  as  ternary  encoding 
contain  a  large  quantity  of  bipolar  violations.  In  these  cases,  the  bipolar 
violation  or  pulse  polarity  convey  information.  To  transmit  and  recover 
signals  with  bipolar  violations  requires  the  system  to  pass  low  frequencies, 
perhaps  near  dc. 

2.5.2.2  By  design  or  otherwise,  certain  repetitive  patterns  are  generated. 
These  repetitive  patterns  iray  be  greater  during  no  traffic  or  low 
traffic  conditions.  Framing  pulses  are  necessarily  repetitive  and  will  pro- 
duce low  level  8000  hertz  and  perhaps  other  signals.  Of  greater  interest 
are  the  repetitive  patterns  resulting  fran  the  no  traffic  or  low  traffic 
condition.  By  design,  the  follcwing  patterns  are  generated  in  the  idle,  on 
hook  condition.   (Framing  pulses  are  excluded  in  this  ccnparison.)   DlA 
transmits  two  pulses  in  8  bits  each  frame.  This  results  in  large  power 
concentrations  at  multiples  of  193  kHz.  DIB  transmits  one  pulse  in  8  bits 
three  out  of  four  frames  and  two  pulses  in  8  bits  for  the  ranaining  one  out 
l^of  four  frames.  This  results  in  large  power  concentrations  at  multiples 
of  96.5  kHz.  The  pulse  density  was  increased  in  D3  systens  to  improve  system 
stability  (more  pulses  for  clock  timing) .  D3  transmits  8  pulses  in  8  bits 
during  the  idle  condition.  This  concentrates  the  power  near  772  kHz.  The 
only  one  of  the  above  conditions  that  cause  any  ooncem  with  carrier  system 
applications  is  the  one  pulse  in  8  bit  condition.  This  could  cause  inter- 
ference in  certain  station  carrier  channels  when  PCM  and  station  carrier 
are  applied  in  the  same  cable.  In  reality,  seme  randan  pulses  may  be  generated 
due  to  noise  or  equipment  conditions.  These  randan  pulses  tend  to  spread 
the  power  sonewhat  but  the  system  can  still  transmit  large  discrete  power 
corponents.  Ihe  power  spectrum  of  Dl  and  D3  under  traffic  conditions  is 
very  similar.  With  a  slightly  larger  pulse  density,  the  D3  power  is  slightly 
Icwer  at  lew  frequencies  and  slightly  higher  near  772  kHz. 

2-5.3  Scrambling:  Various  techniques  are  used  to  "scranible"  or  "condition" 
the  digital  bit  stream  for  modulation  or  transmission.  Scrambling 
is  used  to  avoid  long  groups  of  consecutive  zeros  or  repetitive  patterns  in 
the  transmitted  signal.  The  object  is  to  keep  the  signal  in  a  dynamic  state 
of  randan  change.  Scrambling  may  be  required  because  of  the  modulation 
techniques  or  may  be  used  to  inprove  system  performance.  The  scrambler  re- 
arranges the  digital  bit  stream  in  a  predetermined  manner  to  produce  a  randan- 
appearing  sequence  of  bits.  The  descrambler  at  the  receiver  restores  the 
digital  bit  stream  to  its  original  form.  Scrambling  is  sanetimes  used  in 
paired  cable  digital  transmission  systems  to  maximize  performance.  Scrambling 
is  coimonplace  in  higher  order  systens  such  as  radio,  lightwave  and  coaxial 
cable  systans  because  of  modulation  techniques  and  to  reduce  syston  loading. 
Error  rate  in  the  scrambled  bit  stream  mast  be  several  tines  better  than  a 
non  scrambled  bit  stream.  The  process  of  descrambling  will  increase  the  error 
rate  of  the  received  signal. 
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2.5.4  Ternary  Encoding:  Ternary  encoding  is  used  to  increase  the 

information  rate  with  a  smaller  corresponding  increase  in  the 
transmitted  span  line  signal  rate.  Ternary  refers  to  three  states  such 
as  positive,  negative  and  zero.  Ternary  is  a  bipolar  signal  where  the 
presence  and  polarity  of  pulses  convey  information.  One  ternary  encoded 
transmission  systen  uses  a  four  binary  to  three  ternary  (4B3T)  code  to 
transmit  four  information  bits  in  three  time  slots.   This  converts  a 
48  channel  3.152  Mb/s  binary  signal  into  a  2.364  Mb/s  ternary  signal. 
The  span  line  signal  is  processed  in  a  manner  that  imposes  a  small 
increase  in  the  facility  requirenents  (compared  to  Tl)  for  exchange 
cable  applications.  There  is  a  large  quantity  of  bipolar  violations  con- 
tained in  the  ternary  encoded  pulse  stream. 


2.5.5  Duobinary  Encoding:  Duobinary  encoding  is  a  technique  used  to 
double  the  inforTtation  rate  with  a  snail  increase  in  the  facility 

requirenents  (coirpared  to  Tl)  for  exchange  cable  applications.  A 
modified  duobinary  encoded  system  divides  a  TIC  stream  into  two  alternative 
bit  streaiTS,  and  then  interleaves  the  two  signals  in  a  duobinary  forroat. 
A  TIC  system  transmits  pulses  of  158  nanoseconds  duration  of  the  317 
nanoseconds  tiire  slot  allotnent  (50  percent  duty) .  The  duobinary  system 
takes  advantage  of  the  "dead  tine"  beta^reen  pulses.  One  hundred  percent 
duty  pulses  are  transmitted  (317  nanosecond  pulses  in  a  317  nanosecond 
tine  slot)  .  The  two  bit  streams  are  interleaved  each  317  nanoseconds, 
and  the  resultant  combined  output  pulses  may  be  either  158  or  317  nano- 
seconds wide  (one  or  two  tine  periods)  before  returning  to  zero.  The 
duobinary  signal  transports  the  TIC  information  rate  but  with  a  power 
spectrum  similar  to  that  of  a  Tl  system. 

2.5.6  Pulse  Stuffing:  Pulse  stuffing,  or  more  correctly,  bit  stuffing 
is  a  method  used  for  synchronizing  two  or  more  asynchronous  bit 

streanB  in  a  multiplexer.  Extra  noninforrnation  bits  are  inserted  (stuffed) 
as  required  at  the  multiplexing  end  and  are  removed  at  the  demultiplexing 
end. 

2  5  7  Buffer  Stores:  A  buffer  store  or  elastic  store  is  a  tenporary 

storage  unit  for  digital  information  (a  tmporary  mariory  for  binary 
digits)  .  Buffer  stores  are  used  in  digital  multiplexers  to  ccmbme  two  or 
more  asynchronous  inputs  into  a  synchronous  output.  The  buffer  store  is 
used  to  separate  the  store  (write  in)  and  extract  (read  out)  speeds.  The 
buffer  store  in  contoination  with  bit  stuffing  provides  for  multiple  asyn-   _ 
chronous  inputs  to  be  temporarily  stored,  and  to  be  extracted  as  a  synchronized 
ccmbined  output.  The  output  rate  will  be  the  sum  of  all  bit  stream  inputs 
plus  a  fixed  number  of  framing  and  control  bits  plus  a  flexible  number  of 
stuffed  bits.  The  size  of  the  store  (number  of  stored  bits)  depends  on  hew 
frequently  stuffing  bits  can  be  inserted  into  the  bit  stream.  The  store 
must  never  be  allowed  to  become  "empty" .  Frequent  stuffs  allow  for  smaller 
stores . 

2  5  8  Zero  Substitution  Codes:   Zero  substitution  codes  are  used  to  avoid 
transmitting  long  strings  of  consecutive  zeros.   Zero  substitution 
is  often  a  final  stage  of  scrambling  in  a  digital  multiplexer  to  maintain 
a  dynamic  output  signal.  The  DS2  line  signal  is  a  50  percent  duty  bipolar 
pulse  stream  with  controlled  bipolar  violations.  The  bipolar  format  is 
called  "bipolar  with  six-zero  substitution" (B6ZS) .  The  multiplexer  allcws 
no  more  than  five  consecutive  zeros  to  be  transmitted.  Six  consecutive 
zeros  are  converted  into  positive  pulses,  negative  pulses  and  zeros  con- 
taining a  pattern  of  bipolar  violations  to  identify  this  conversion. 
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2.5-9  Line  Signals  Characteristics:  Digital  line  signal  characteristics 
are  specified  by  the  Bell  System  for  standard  interface.  The 
specifications  outline  bit  rates,  signal  format  (time  slot  assignment) 
signal  waveshape  and  other  characteristics.  The  folloftring  outlines  sane 
of  these  design  characteristics . 


Level 

Rate 

1. 

3. 

6. 

44. 

274. 

Mb/s 

.544 
.152 
.312 
.736 
.176 

Pulse/Duty 

Bipolar/50% 
Bipolar /50% 
Bipolar/50% 
Bipolar/50% 
Polar/100% 

Notes 

DSl 

DSIC 

DS2 

DS3 

DS4 

B6ZS 
B3ZS 
NRZ 

2.5.9.1  The  DSl,  DSlC,  DS2  and  DS3  line  signals  are  transmitted  as  bi- 
polar pulses.  DSl  can  contain  no  more  than  15  consecutive  zeros. 

DSl  and  DS2  contain  no  bipolar  violations.  DS3  and  DS4  contain  bipolar 
violations  to  identify  zero  substitution  codes  (B6ZS  and  B3ZS) .  DS4  is 
transmitted  as  a  100  percait  duty,  nonretum-to-zero  (NRZ)  polar  signal 
where  positive  represents  a  logic  one  and  negative  represents  a  logic  zero. 
The  NRZ  signal  must  be  kept  in  a  dynamic  condition. 

2.5.9.2  With  standard  signal  formats,  each  bit  has  a  special  identity 
or  significance  when  processed  with  other  bits.  However,  the 

bit  stream  must  be  descrambled  and  stuffed  pulses  removed  before  a  DSl 
bit  stream  can  be  used  as  a  unit,  or  separated  into  64  kb/s  channels. 

3.   PRESENT  DAY  EQUIFMENT 


3.1  The  D3  channel  bank  or  an  adaptation  of  D3  has  beccme  the  standard  for 
digital  terminal  equipment,  and  for  integrated  digital  transmission 

and  switching  systans.  A  brief  description  of  D3  and  D4  trunk  carrier  equip- 
ment and  PCM  (d3)  subscriber  carrier  equipment  is  provided.  This  carrier 
equipment  may  interface  the  central  office  on  a  per  channel  voice  frequency 
basis,  or  may  interface  on  a  digital  bit  stream  basis. 

3.2  D3  Channel  Bank:  Present  day  digital  trunk  carrier  is  typified  by  the 
D3  channel  bank.  There  are  variations  in  manufacturers'  equipment, 

but  Figure  1  serves  to  illustrate  the  D3  functions.  The  encoding  and  decod- 
ing process  will  be  described,  using  Figure  1  as  a  guide.   (Also  refer  to 
TE&CM  Section  950,  Appendix  A.) 

3.2.1  Analog  voice  signals  enter  the  voice  frequency  hybrid  (on  two-wire 
channels)  for  separation  into  transmit  and  receive  directions.  For 
satisfactory  service,  a  time  division  system  (TDM)  must  sairple  at  twice 
the  highest  frequency  to  be  transmitted.  Since  D3  samples  at  8000  times  per 
second,  frequencies  above  4000  hertz  cannot  be  transmitted  and  must  be  elimin- 
ated before  sampling.  The  voice  signals  are  passed  through  a  low  pass  filter 
to  attenuate  signals  above  3500  hertz.  Because  of  equipnent  design  and  noise 
considerations,  frequencies  below  200  hertz  are  also  attenuated.  Using  a 
relatively  precise  clock,  the  voice  signals  are  sampled  8000  tines  per 
second  and  converted  into  discrete  voltage  levels  corresponding  to  the  sampled 
analog  signal.  This  is  called  pulse  anplitude  modulation  (PAM) .  The  PAM 
signals  fran  each  channel  are  fed  through  a  gate  and  into  a  PAM  bus,  with 
each  channel  in  sequence  (1,  2,  3,  4,  etc.) . 
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3.2.2  Each  PAM  signal  is  converted  into  "bits"  of  encoded  information 

(ones  and  zeros)  at  the  encoder.  Each  group  of  bits  represents 
a  specific  PAM  voltage.  D3  channel  banks  use  an  eight  bit  code,  alleging 
for  256  possible  code  levels.  The  D3  uses  127  positive  levels,  127  negative 
levels,  and  zero,  or  255  code  levels.  The  all  zero  code  is  omitted r  zero 
level  is  transmitted  as  all  ones.  D3  channel  banks  use  nonlinear  encoders 
and  decoders  (unequal  coding  steps)  to  inprove  the  voice  quality  with  fewer 
coding  steps.  The  coding  steps  are  small  for  low  level  samples  (i.e.,  1  mv) 
and  larger  for  high  level  samples  (i.e.,  128  mv) .  From  the  encoder,  the 
bits  appear  on  the  PCM  bus  as  unipolar  pulses  (in  groups  of  8)  in  proper 
channel  sequence.  The  sampling  of  24  channels  in  sequence  is  called  a  frame. 
An  extra  information  bit  is  added  at  the  end  of  each  frame,  and  is  called 
the  framing  bit.  There  are  8  bits  per  channel  times  24  channels  equals 
192  bits,  plus  one  framing  bit  equals  193  bits  per  frame.  193  bits  per  frame 
times  8000  frames  per  second  equals  1,544,000  bits  per  second.  This  is  the 
Tl  or  DSl  rate,  and  is  chosen  as  the  basic  building  block  for  digital  trans- 
mission in  North  Anerica. 

3.2.3  The  framing  bits  are  used  to  synchronize  the  receiver  with  the  trans- 
mitter. The  framing  bits  are  generated  in  the  transmitter  in  a 

special  sequence  so  that  the  receiver  can  separate  the  bit  stream  for  proper 
timing  and  framing.  These  framing  bits  are  in  a  special  sequence  of  ones 
and  zeros  for  12  frames,  and  then  repeated.  The  12  frames  are  called  a 
super  frame.  The  framing  bit  pattern  for  frames  one  to  12  is  100011011100. 
A  closer  review  of  this  pattern  shows  that  the  odd  framing  bits  (1,  3,  5,  etc.) 
contains  a  101010  pattern,  and  the  even  framing  bits  contain  a  pattern  of 
000111  (begin  with  the  12th  frarre)  .  Considering  only  even  frames,  the  bit 
changes  on  the  6th  and  12th  frames.  Signaling  information  is  entered  on  the 
6th  and  12th  frames.   (Note:  Signaling  and  superframe  characteristics  are 
subject  to  change  in  the  future.) 

3.2.4  Voice  and  signaling  bits  for  each  channel  are  merged  in  the  "output". 
One  of  the  8  voice  bits  (B8  -  the  least  significant  bit)  is  "robbed" 

and  used  for  signaling  information  each  6th  frame.   (The  voice  encoding  is 
actually  7  5/6  bit  encoding,  or  almost  8  bit  encoding.)   There  are  two  signal- 
ing channels.  For  each  voice  channel,  one  bit  of  signaling  is  transmitted 
during  the  6th  frame  (signaling  channel  A)  and  another  signaling  bit  is  trans- 
mitted during  the  12th  fraire  (signaling  channel  B)  .  Each  signaling  channel 
contains  8000  ^  6  =  1333  bits  per  second.  The  signaling  channels  transmit 
all  of  the  dialing,  ringing  and  supervisory  information  fron  one  terminal  to 
another.  The  1.544  Mb/s  bit  stream  new  contains  voice  and  signaling  infor- 
mation as  unipolar  pulses.  The  unipolar  pulses  are  fed  into  a  bipolar  con- 
verter for  transmission  on  paired  telephone  cable.  The  reasons  for  bipolar 
conversion  were  discussed  in  paragraphs  2.4.1  and  2.4.2  and  are  illustrated 
in  Figure  2. 

3.2.5  The  master  clock  in  present  day  equiprent  can  be  driven  frcm  an 
internal  1.544  Mhz  ±  50  Hz  generator;  or  can  be  synchronized  locally 

or  on  the  received  bit  stream  for  synchronous  operation  such  as  a  direct 
interface  into  the  digital  COE.  The  +  50  Hz  generator  stability  is  unneces- 
sary for  nonsynchronous  operation,  but  is  established  primarily  to  narrow 
the  "pull-in"  range  of  the  transmitter  for  synchronous  operation.  VJhere 
channel  banks  provide  the  terminations  at  both  ends  of  a  systen,  the  trans- 
mitter at  each  end  independently  generates  its  1.544  Mb/s.  The  receivers 
clock  on  the  in coning  bit  streams;  no  other  synchronization  of  signals  is 
necessary,  and  a  relatively  wide  frequency  variation  could  be  tolerated 


I 
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(i.e.,  +  200  Hz)  . 

3.2.6  The  receiver  functions  imch  like  the  transmitter,  only  in  reverse. 
The  decoding  process  will  be  outlined  only  briefly.  The  bipolar 

bit  stream  is  received  and  converted  into  unipolar  pulses.  Timing  and 
framing  information  is  extracted  frcm  the  received  bit  stream  to  synchronize 
the  receiver.   (As  noted  above,  the  received  bit  stream  also  controls  the 
transmitter  when  the  system  is  synchronized  on  a  distant  digital  COE.)  The 
input  separates  the  voice  and  signaling  bits.  The  decoder  converts  the 
voice  bits  into  a  PAM  signal.  This  PAM  signal  is  gated  into  the  proper  chan- 
nel through  a  lew  pass  filter.  The  lew  pass  filter  attenuates  frequencies 
above  3500  hertz,  and  aids  in  reconstructing  a  voice  signal  much  like  the 
original  signal.  Some  residual  distortion  remains  because  of  the  limited 
number  of  encoding  levels  and  the  sampling  rate.  The  analog  voice  signal 
IS  then  amplified  and  passed  through  the  voice  frequency  hybrid  into  the 
analog  telephone  network. 

3.2.7  The  following  is  a  sumnary  of  D3  characteristics.  A  frequency  near 
1000  hertz  (1004  or  1020  hertz)  is  used  to  measure  siqnal-to-distortion 

and  level  tracking. 

Channel  Noise:  23  dBmcO  Maximum 
Bandwidth :  Approximately  250  to  3500  Hz 
Siqnal-to-Distortion : 


Input  (dBmO) 

0  to  -30 
-30  to  -40 
-40  to  -45 


S/D  ^4inimoT^  (dB) 

33 
27 
22 


Level  Tracking: 


Input  (dBnO) 

+3  to  -37 
-37  to  -50 


Maximum  Deviation  (dB) 

0.5 
1.0 


3.2.8 


A  typical  arrangement  of  a  D3  channel  bank  is  illustrated  in  Figure 
3.  It  generally  consists  of  24  channel  cards  and  a  section  for 
conmon  equipment.  Typical  ccrmon  equipnent  consists  of  a  transmit  card  a 
receive  card,  alarm  card  and  po^er  supply,  a  card  slot  is  generally  available  to 
insert  a  specialized  PCM  test  set  for  alignment  and  maintenance.  On  separate 
shelves  serving  several  channel  banks  are  span  terminating  equipnent,  patching 
jacks,  and  other  specialized  test  and  service  units.  The  most  ccmmon  channel 
units  offered  are: 


4  Wire  E&M 

2  Wire  E&M 

2  Wire  Dial  Pulse  Originating 

2  Wire  Dial  Pulse  Terminating 

4  Wire  Without  Signaling 


(600  ohms) 
(600  or  900  ohrrs) 
(600  or  900  ohirs) 
(600  or  900  ohirs) 
(600  ohms) 
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3.2.9  The  channel  bank  shelves  and  common  equipnent  that  are  integral 
to  the  channel  bank  are  often  identical  for  digital  tnank  and 
subscriber  systems.   (The  ancillary  equipment  may  be  different.)   Trunk, 
subscriber  and  special  service  channels  can  generally  be  mixed  within  a 
trunk  or  subscriber  channel  bank.  Refer  to  paragraph  3.4  for  subscriber 
and  special  service  channels. 

3.3  D4  Channel  Bank:  The  D4  type  channel  bank  is  designed  in  48  channel 
groups  for  Tl,  TIC  and  T2  span  line  application.  The  D4  channel 
bank  is  essentially  a  lower  cost,  smaller  combined  packaging  of  two  D3 
channel  banks  (24  channels  each) .  The  D4  channel  bank  is  arranged  for  five 
modes  of  operation,  with  Mode  3  being  the  same  as  two  D3  channel  banks. 
These  are  shown  in  Figure  4. 

3.3.1  D4,  Mode  1:  In  D4,  Mode  1,  48  channels  are  conbined  and  operated 
at  the  ESIC  level  over  a  TIC  span  line  (3.152  Mb/s) .  The  transmit 
unit  combines  two  synchronized  DSl  signals  (1.544  Mb/s  each)  and  adds 
framing  bits  (64  kb/s) .  Both  24  channel  groups  are  synchronized. 


I 


^^,         In  D4,  Mode  2,  48  channels  are  conbined  as  if  they 
were  two  D3  channel  banks  (synchronized,  or  nonsynchronized)  .  TWo 


3.3.2  D4,  Mode  2: 


groups  of  24  channels  (at  1.544  Mb/s)  are  combined  using  an  MlC  equivalent 
multiplexer  and  operated  at  the  DSIC  level  over  a  TIC  span  line  (3.152  Mb/s) . 
The  distant  teminal  consists  of  two  colocated  or  separate  D3  type  channel 
banks  and  an  MIC  multiplexer.  Mode  2  differs  from  Mode  1  in  that  Mode  2 
uses  an  MlC  frame  format  and  that  the  24  channel  groups  do  not  require 
synchroni  zation . 

3.3.3  D4,  Mode  3:  In  D4,  Mode  3,  48  channels  are  operated  independently 
the  same  as  two  separate  D3  channel  banks  over  tavo  Tl  span  lines 

(1.544  Mb/s) . 

3.3.4  D4,  Mode  4;  In  D4,  Mode  4,  two  colocated  48  channel  D4  groups  are 
coTibined  and  operated  at  the  DS2  level  over  a  T2  span  line  (6.312 

Mb/s) .  The  distant  end  could  be  D4,  Mode  4;  or  could  be  at  one  to  four 
terminal  locations  of  24  channel  groups  operated  over  Tl  span  lines  (1.544 
Md/s)  and  combined  with  an  M12  multiplexer  at  a  cannon  location. 

3.3.5  D4,  Mode  5:  Mode  5  of  D4  is  the  same  as  Mode  4,  except  that  the 
DS2  interface  is  optical  rather  than  electrical.  IWo  colocated 

48  channel  D4  groups  are  conbined  and  operated  at  the  DS2  level  over  an 
optical  fiber  syston  at  6.312  Mb/s.  As  with  Mode  4,  the  distant  end  could 
be  colocated  D4  channel  banks ;  or  could  be  one  to  four  terminal  locations 
after  conversion  from  an  optical  to  an  electrical  bit  stream. 

3.3.6  The  D4  channel  banks  generally  use  a  codec  per  channel,  rather  than 
shared  codecs  as  used  in  D3  and  earlier  channel  banks.  This  pro- 
vides easy  access  to  the  bit  stream  for  high  speed  data.  The  1.544  Mb/s  bit 
stream  can  be  accessed  in  multiples  of  64  kb/s  for  each  voice  channel  dis- 
placed (including  signaling)  ,  or  in  multiples  of  56  kb/s  with  B8  used  exclu- 
sively for  signaling.   (The  identity  of  B8  for  voice  and  data  use  may 

be  lost  as  the  bit  stream  is  processed  through  digital  switches.  This 
is  discussed  in  paragraph  3.6.3) . 
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3.3.7  Note  that  D4,  Modes  1,  2  and  4  require  multiplexers  to  operate  at 
nsiC  and  nS2  rates.  These  multiplexers  are  plug-in  cards  in  the 
D4  channel  bank.  Few  equipment  changes  are  required  to  change  from  one 
operation  mode  to  another.  With  the  multiplexers  designed  as  an  integral 
part  of  the  D4  channel  bank,  costs  are  reduced  for  D4,  Modes  1,  2  and  4 
over  the  mating  hardv^^are  using  D3  channel  banks. 

3.4  PCM  Subscriber  Carrier:  The  model  for  present  day  PCM  subscriber 
carrier  is  the  D3  trunk  carrier  channel  bank.  Scire  areas  of  the 
specification  requireanents  rray  be  relaxed  slightly  where  D3  is  used  for 
subscriber  serArice.  The  carrier  system  subscriber  channel  is,  in  effect, 
a  central  office  line  circuit  that  has  been  rroved  to  a  field  location.  It 
is  not  an  exact  duplicate  of  the  COE  line  circuit,  but  does  extend  some  of 
the  basic  line  circuit  functions  to  a  remote  location.  PCM  subscriber 
carrier  systems  generally  use  D3  voice  encoding.  The  signaling  bits  along 
with  perhaps  framing  bits  and  inband  tones  are  used  for  various  signaling, 
status  reporting,  testing,  alarm  and  other  functicns.  These  functions  are 
not  standardized  between  equipment  types. 

3.4.1  Dialing  is  accomplished  in  PCM  subscriber  carrier  much  like  the  trunk 
carrier.  The  signaling  bits  simply  denote  on-hook  and  off -hook 
conditions.  To  avoid  COE  overload,  subscriber  systars  generally  go  into  an 
on-hook  condition  during  failure  rather  than  the  disconnect-and-mke-busy 
condition  used  with  trunk  systenre.  The  on-hook  and  off -hook  signaling  can 
easily  be  handled  by  one  signaling  channel;  this  leaves  the  second  signaling 
channel  for  other  functions. 

3-4.2  Single  party  ringing  in  PCM  subscriber  carrier  is  generally  acccm- 
plished  by  switching  a  common  ringing  generator  into  the  channel 
circuit  to  be  rung.  The  ringing  generator  is  generally  a  20  hertz  sine 
wave  generator;  it  may  lack  a  high  degree  of  frequency  stability  and  be  in- 
tended for  straight  line  ringer  application  only. 

3-4.3  Multiparty  ringing  may  be  acccmplished  with  a  single  frequency  (20 
hertz)  and  side  of  line  identification.  However,  bridged  frequency 
ringing  (BFR)  is  more  ccmmon  in  rural  areas.  Each  channel  at  the  subscriber 
terminal  either  amplifies  or  regenerates  a  ringing  voltage  between  16  and 
66  hertz  that  corresponds  to  the  assigned  ringing  frequency  into  the  CO  chan- 
nel. Various  means  are  used  to  transmit  this  information  from  the  office  to 
subscriber  terminal.  A  comron  method  is  to  use  signaling  bits  to  initiate 
ringing,  and  to  also  transmit  a  modulated  tone  at  the  ringing  frequency  over 
the  voice  circuit.  The  ringing  voltage  is  reconstructed  by  each  subscriber 
channel.  Modified  square  waves  are  comiionly  generated  because  it  is  not 
practical  to  generate  sine  waves  in  this  manner.  With  the  use  of  micropro- 
cessors, multi frequency  sine  wave  ringing  may  be  practical  in  the  future. 

3-4.4  Other  signaling  functions  can  also  be  acccmplished  with  subscriber 
carrier  such  as  foreign  exchange  and  paystation  signaling.  These 
special  service  channels  are  generally  arranged  to  be  compatible  with  trunk 
and  subscriber  channel  banks  on  a  plug- in  basis. 

3-4.5  Distributed  channels  of  PCM  subscriber  carrier  are  technically  prac- 
tical. It  is  practical  to  terminate  PCM  channels  in  small  groups,  or 
even  one  channel  per  location.  Sirrdlar  drop  and  insert  techniques  are  now  used 
on  digital  radio  systems.  The  econcmics  of  distributed  PCM  subscriber  carrier 


REA  TE&CM  954 
Page  14 


is  generally  not  favorable  at  this  tirre.  The  equivalent  of  a  channel  bank 
conran  equipment  is  required  at  each  terminal  location.  AC  power  will  be 
reqiiired  occasionally  along  the  route,  but  not  necessarily  at  each  terminal 
location.  The  real  push  in  this  area  may  ccme  frcm  the  need  to  provide 
high  speed  data  to  business  customers  sometime  in  the  future.  On  a  more 
limited  scale,  distributed  subscriber  carrier  is  available.  For  basic 
telephone  service,  one  existing  PCM  subscriber  carrier  system  can  be  ter- 
minated in  8  channel  groups  at  up  to  three  locations. 

3.5  Alarms  and  Maintenance;  Alarm,  maintenance  and  test  functions  are 
relatively  easy  to  initiate,  transmit  and  register  using  digital 
techniques.  There  is  a  wide  range  of  alarm  and  maintenance  hardware  avail- 
able now,  and  microprocessor  development  is  continuing  to  enhance  this 
capability.  Present  capability  ranges  frcm  simple  alarm  indications  to 
large  centralized  nnintenance  systere.  Sane  of  the  basic  alarm  and  main- 
tenance functions  are  standardized  for  trunk  systems;  but  the  majority 
of  these  functions  are  not  standardized,  especially  for  subscriber  systams. 
The  ability  to  provide  elaborate  alarm,  test  or  control  functions  from  a 
ronote  location  is  limited  primarily  by  econonics  and  not  by  technology. 
Digital  subscriber  systens  are  being  applied  in  larger  quantities  per 
location.  Functions  that  are  not  economically  practical  for  distributed 
si±>scriber  systens  becane  more  practical  as  circuit  quantities  per  lo- 
cation increase.  Alarm,  maintenance  and  test  features  of  digital  systems 
are  already  highly  developed,  and  should  become  even  more  practical  and 
econcmical  in  the  future.  The  foliating  is  a  sumirery  disucssion  covering 
alarm  and  maintenance  techniques  primarily  for  terminal  and  multiplex 
equipment.  Refer  to  TE&CM  Section  956  for  a  discussion  on  span  line 
interrogation  and  automatic  protection  switching. 

3.5.1  In  the  digital  trunk  network,  basic  alarm  indications  are  generated 
in  terminal  and  multiplex  equipment,  and  this  information  is  trans- 
mitted to  distant  locations  as  an  integral  part  of  the  bit  stream.  For 
universal  interface.  Bell  System  specifications  identify  certain  alarm 
conditions  and  specify  how  the  information  is  to  be  transmitted. 

3.5.2  Channel  banks  in  trunk  service  have  standard  red  and  yellow  alarm 
indicators  incorporated  in  the  equipment.  A  red  alarm  indicates 

the  loss  of  signal  or  framing  at  the  receive  terminal.  A  yellcw  alarm  in- 
dicates the  loss  of  signal  or  framing  at  the  distant  terminal.  A  local 
failure  (red  alarm)  causes   a  yellow  alarm  to  be  transmitted  by  forcing  bit 
2  for  each  channel  to  zero  in  the  transmitted  DSl  bit  stream.  A  terminal 
service  failure  initiates  a  carrier  group  alarm  (CGA) .  Trunk  channels  are 
forced  into  a  disconnect  and  make  busy  (DMB)  condition  at  both  ends .  The 
system  is  autonatically  restored  to  service  when  the  alarm  condition  is 
cleared . 

3  5.3  An  MIC  rmltiplexer  failure  indication  is  transmitted  in  the  "M" 

bits  used  for  framing  in  the  DSIC  bit  stream.  An  M  bit  begins  each 
of  the  four  subframes.  The  M  bit  pattern  is  transmitted  as  OlIX.  When  X=0, 
a  multiplexer  alarm  condition  is  being  transmitted;  X=l  indicates  a  normal 
condition.  Other  "M"  type  multiplexers  use  a  similar  alarm  bit  sequence. 

3.5.4  Digital  subscriber  carrier  terminals  generally  use  the  same  basic 
red  and  yellow  alarms  described  for  trunk  terminals.  Subscriber 
channels  are  generally  forced  into  a  disconnect  and  make  idle  condition 
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during  a  service  failure  to  avoid  pemanant  central  office  seizures.  Sub- 
scriber carrier  systerre  generally  provide  a  number  of  other  simple  alarm 
functions  as  a  part  of  the  basic  equipment.  Subscriber  terminal  alarm  in- 
formation IS  transmitted  to  the  central  office  as  a  part  of  the  bit  stream 
Examples  are  subscriber  terminal  ac  pcwer  failure,  battery  charger  failure 
housing  door  open,  and  other  abnonral  conditions  that  may  soon  affect  ser-' 
vice.  These  alarm  conditions  may  be  retransmitted  to  a  central  location 
as  major  and  minor  alarms,  or  as  specific  alarms. 

3.5.5  Some  maintenance  and  test  features  are  standard  in  D3  and  D4  trunk 
channel  banks.  Basic  transmission  tests  and  alignment  can  be  imde 

at  one  end  of  a  system  with  the  channel  bank  in  a  "looped"  mode.  Test  codes 
can  be  generated  to  digitally  provide  1000  hertz  or  other  frequency  at  zero 
dBmO  to  align  receivers;  transmitters  can  then  be  aligned  by  using  these 
precisely  aligned  receivers.  To  isolate  noise  between  a  transmitter  and 
receiver,  an  all  ones  code  (except  framing)  can  be  sent.  All  ones  represents 
no  voice  signal,  or  a  digital  quiet  condition. 

3.5.6  Independent  irenufacturers  enhanced  these  basic  test  features,  and 
extended  them  into  subscriber  service.  Ranote  testing  of  equipment 

and  facilities  becanes  more  desirable  as  the  distances  between  equipment 
locations  and  available  personnel  increase.  Many  equipment  and  facility 
faults  can  be  determined  from  the  CO  terminal,  and  from  a  centralized  test 
location.  Ranote  testing  of  subscriber  carrier  equipment  and  associated 
cable  facilities  for  the  carrier  equipment  and  for  the  subscriber  drops  can 
be  done  m  varying  degrees,  depending  on  the  equipment.  The  test  and  control 
signals  are  transported  as  specified  bits  in  the  bit  stream,  in  carrier  de- 
rived voice  frequency  circuits,  and/or  over  express  cable  pairs  to  the  renote 
locations.  If  the  subscriber  terminal  is  sufficiently  large,  it  may  econorr^ 
ically  be  treated  as  a  central  office  or  major  "wire  center"  for  remote  testing. 

3.5.7  The  introduction  of  new  digital  alarm  and  maintenance  systeiis  is  ex- 
pected to  continue.  Standardization  is  lacking  except  for  very  basic 

alarm  and  maintenance  features.  This  situation  is  not  expected  to  change  in 
the  near  future.  The  rapid  development  pace  of  digital  hardware  can  be  ex- 
pected to  promote  competition  and  improvement  of  new  hardware,  but  tends  to 
discourage  standardization. 

^•^  Digital  Interface:  The  transmission  of  inforration  in  digital  fomat 
and  the  modular  characteristics  of  digital  system  hardware  make  it 
practical  to  operate  transmission  and  switching  as  separate  or  integrated 
systems.  An  integrated  digital  network  can  be  formed  with  currently  avail- 
able hardware.  There  is  a  standard  digital  transmission  hierarchy  for  the 
trunk  network  based  on  the  D3  channel  bank  and  Tl  transmission  as  a  basic 
building  module.  The  DSl  trunk  interface  is  universally  accepted  by  manu- 
facturers in  the  USA.  For  better  transmission  efficiency,  much  of  the  trans- 
mission equipment  for  use  at  rates  higher  than  DSl  does  not  follow  the  standard 
DS  hierarchy.  There  is  even  less  standardization  of  equipment  used  for  sub- 
scriber service.  There  is  a  high  prcbability  that  transmission  and  switching 
equipment  from  different  manufacturers  will  only  interface  on  an  analog  voice 
frequency  basis  except  where  it  has  been  specified  to  interface  in  the  de- 
fined Bell  System  hierarchy.  It  is  for  this  reason  that  digital  subscriber 
carrier,  digital  concentrators  and  other  non  integrated  digital  subscriber 
equipment  will  continue  to  maintain  a  strong  role  in  subscriber  service 
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3  6  1  The  following  is  a  brief  discussion  on  the  use  of  D3  (and  D4) 
'  '   trunk  carrier  channel  banks  and  PCM  (D3)  subscriber  carrier 
applied  in  tl^  network  on  a  digital  interface  basis   ^^^^  ^^^^^^^^^ 
iS-dware  may  be  n^ntioned  briefly,  they  are  generally  covered  in  other 
SIS^  ^le  coTpatibility  of  digital  interfaces  is  assumed  to  exist 
fof  p^ses  of  th^discussion,  digital  interface  corpatibility  is  unlikely 
forlSSSntitanufacturers'  ec^pment.  i^so lute  synchronization  is  not 
pScScal;  relative  synchronization  is  achieved  through  the  use  of  buffer 
stores . 

3.6.2  In  rural  areas,  trunks  are  most  often  provided  by  D3  channel  banks 
over  Tl  carrier.  With  the  introduction  of  digital  switching,  the 
bit  streams  frcm  D3  channel  banks  may  enter  the  digital  network  and  be 
switched  one  or  more  tirres  by  digital  switches  before  being  decoded  at  sane 
distant  location.  Decoding  at  the  distant  location  may  be  acccmplished  by 
another  D3  (or  D4)  channel  bank,  or  by  digital  central  office  equipnnent. 
Switching  and  even  the  insertion  of  loss  can  be  accanplished  digitally  by 
the  rearrangement  or  other  alteration  of  the  digital  bit  stream. 

3  6  3  The  potential  economic  and  technical  advantages  for  integrated 

transmission  and  switching  are  significant,  especially  for  subscriber 
services.  On  the  technical  side,  the  voice  could  be  encoded  at  or  near  the 
calling  subscriber's  telephone  set  and  decoded  at  or  near  the  called  sub- 
scriber  The  quality  of  the  circuit  would  depend  almost  entirely  on  the 
characteristics  of  a  single  encoder  and  decoder.  The  signal  would  be  af- 
fected little  by  the  digital  transmission  and  switching  path.  One  minor 
exception  is  that  a  digital  OOE  is  synchronized  on  a  frame  basis,  and  not 
a  super  (12)  frame  basis.  The  least  significant  bit  {LSB   or  B8)  is  robbed 
for  signaling  each  sixth  frame.  The  lack  of  super  frame  synchronization 
increases  the  probability  of  robbing  this  voice  bit  for  other  frames  each 
tine  the  bit  stream  is  switched.  Eventually  the  I5B  will  be  conpletely 
lost;  but  voice  quality  will  reirain  gcxDd  if  there  is  only  one  (or  few) 
analog  to  digital  conversions  in  the  transmission  path.  Another  technical 
advantage  of  integrating  transmission  and  switching  is  for  data  trans- 
mission. The  digital  bit  stream  provides  for  wide  band  data  (56  kb/s  per 
voice  channel  plus  signaling)  and  is  more  immune  to  interference  than  ana- 
log techniques.  Where  digital  data  is  switched,  digital  attenuators  should 
not  be  used.  The  digital  attenuator  would  restructure  the  eight  bit  code, 
and  change  the  data  bit  stream. 

3  6  4  For  a  relative  economic  corrparison,  the  hardware  required  for  analog 
and  digital  interfaces  into  a  digital  COE  are  canpared.  Items  that 
are  cannon  to  both  digital  and  analog  are  excluded. 

3  6  4  1  D3  Trunk:  For  24  trunks ,  the  analog  interface  would  require  a 

D3  channel  bank  and  24  CO  trunk  circuits  including  encoders.  For 
the  digital  interface,  a  DSl  buffer  store  is  required.  The  channel  bank  and 
buffer  store  costs  are  sanewhat  offsetting;  the  savings  would  be  roughly 
that  of  the  CO  trunk  circuits.  However,  this  may  be  more  than  offset  by  the 
added  oDmplexity  of  the  COE  if  such  things  as  digital  attenuation  or  special 
software  and  programmng  is  required. 

3  6.4.2  PCM  Subscriber:  The  conparison  for  PCM  subscriber  carrier  is 
essentially  the  same  as  for  D3  trunk  carrier. 
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3.6.4.3  Carrier-Concentrator :  There  can  be  sane  savings  when  the  PCM 
subscriber  carrier  and  a  concentrator  are  integrated  into  a 
ccnmai  unit.  A  carrier-concoitrator  is  applied  as  a  separate  syston  from 
the  COE  and  interfaces  the  COE  on  an  analog  voice  frequency  basis.  These 
systems  generally  use  a  codec  per  channel  and  operate  in  a  manner  similar 
to  a  digital  COE  and  ranote  switching  terrninal  (RST)  ,  except  they  are  far 
less  complex.  If  the  subscriber  terminal  of  a  carrier-concentrator  were 
arranged  for  a  direct  digital  interface  to  a  digital  COE,  this  would  eli- 
minate the  need  for  the  CO  terminal  and  for  CO  line  circuits.  In  this 
application,  the  unit  ceases  to  be  a  carrier-concentrator  and  beccmes  an 
FST. 

4 .   RECOMMENDATIONS 

4.1  Generalized  recoirmendations  on  the  selection  and  application  of 
digital  transmission  equipment  are  briefly  suimerized.  Included 

items  are  trunk  and  subscriber  terminal  equipment,  multiplex  equipment, 
alarm  and  maintenance  considerations  and  integrated  transmission  and  switching. 
There  is  a  variety  of  hardware  currently  available  and  more  under  development. 
The  application  engineer  has  a  variety  of  choices,  but  few  specifically 
defined  guidelines  in  making  these  choices. 

4.2  To  minimize  obsolescence,  the  following  recommendations  are  made. 
Choose  among  the  latest  models  of  equipment  that  have  a  demonstrated 

reliability  record.  Select  equipment  that  meets  industry  interface  ccm- 
patibitity  standards,  or  meets  the  key  areas  of  those  standards.  Where 
standardization  does  not  exist,  compare  costs  over  the  projected  life  of 
all  hardware  and  software.  The  lack  of  standardization  for  digital  hardware 
and  software  for  subscriber  services  combined  with  the  rapid  introduction 
of  new  systems  is  expected  to  accelerate  software  and  equipment  obsolescence — 
especially  those  interfacing  switches  on  a  digital  basis.  Thus,  the  initial 
savings  of  larger  integrated  systems  should  be  compared  to  the  flexibility 
of  smaller  separate  transmission  systems  for  subscriber  service.  I#iile 
reccmmendations  are  not  included  in  earlier  paragraphs,  the  discussion  on 
digital  transmission  equipment  and  techniques  in  paragraphs  2  and  3  may  be 
helpful  in  choosing  the  most  appropriate  equipment. 

4.3  Trunk  Termdnal  Equipment:  Channel  banks  for  trunk  service  should  be 
chosen  for  economy,  canpatibility,  flexibility  and  ease  of  maintenance. 

There  are  several  D3  and  D4  types  of  channel  banks  in  service  in  rural  areas. 
In  general,  this  equipment  has  a  reliable  service  record.  Later  systems 
using  more  recent  technology  have  improved  transmission  characteristics, 
Icwer  power  consumption  and  are  generally  lower  cost.  Obsolescence  of  earlier 
channel  banks  have  been  a  concern,  especially  for  smaller  telcos.  The 
iirpact  of  channel  bank  obsolescence  is  minimiized  by  the  relatively  low  cost 
and  by  standardization.  Older  systems  can  be  removed  from  service  one  chan- 
nel bank  at  a  time,  and  then  used  as  spares  for  other  equipment  still  in 
service . 


4.4  Subscriber  Termdnal  Equiriment:   Each  digital  subscriber  syston  is 
generally  unique.  Few  conponents  are  likely  to  be  interchangeable 
with  other  trunk  and  subscriber  equipsment.  The  use  of  integrated  switching 
and  transmission  systems  can  result  in  significant  initial  savings.  But 
careful  planning  is  needed  to  minimize  the  impact  of  obsolescence.  Because 
standardization  is  limited  in  this  area,  there  can  be  advantages  in  choosing 
smaller  separate  transmission  systems  for  subscriber  service.  Separate 
systems  can  be  relocated  with  minimal  concern  about  central  office  hardware 
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and  software  interface. 

4.4.1  Subscriber  terminals  should  be  located  for  easy  access.  Equipment 
enclosures  range  frcm  very  small  housings  to  prefabricated  or 
masonry  buildings.  The  enclosure  choice  should  be  guided  by  installation 
size,  frequency  of  site  visits  expected,  climate,  right-of-way  availability, 
land  costs,  etc.  Since  enclosure  costs  can  exceed  equipment  costs,  options 
should  carefully  be  reviewed.  With  minor  exception,  ac  pcwer  is  required 
at  all  digital  carrier  subscriber  terminals. 

4.5  Multiplex  Equipment:  The  multiplex  equipnent  used  in  rural  appli- 
cations is  generally  designed  for  efficient  use  of  spectrum,  rather 
than  ccmplete  standardization.  Low  density  radio  and  optical  fiber  appli- 
cations were  not  envisioned  when  the  Bell  System  digital  hierarchy  was 
established.  It  is  recomriended  that  multiplex  equipment  continue  to  be 
selected  on  the  basis  of  efficient  spectrum  use  except  where  corplete  stand- 
ization  is  a  necessary  requirement.  Partial  standardization  at  DSl  or 
other  levels  provide  for  econorical  interface  of  these  systems  without 
complete  standardization.  New  inteirmediate  standards  may  emerge,  especially 
for  systems  applied  to  optical  cables.   In  quantity  production,  multiplex 
equipment  costs  might  be  significantly  improved.  The  greater  costs  are 
now  in  the  facility  (cable,  fiber  or  radio);  thus  efficient  use  of  spectrum 
generally  outweighs  the  benefits  of  complete  standardization. 

4.5  Alarms  and  Maintenance;  Alarm  and  maintenance  systems  in  terminal 

and  mttjltiplex  are  varied.  There  is  much  to  offer  in  these  integrated 
and  separate  systems,  but  standardization  is  limited  to  the  basic  features 
specified  for  D  type  channel  banks  for  trunk  service  and  M  type  multiplexers. 
Lacking  standardization  in  subscriber,  alarm  and  maintenance  techniques,  it 
is  difficult  to  offer  specific  recanmendations .  It  is  recommended  that  all 
digital  systems  contain  basic  alarm  and  maintenance  systems  to  minimize 
the  period  subscribers  will  be  without  service  during  failures.  More  ela- 
borate alarm  and  maintenance  systems  should  be  ccmpared  primarily  on  an 
econcmic  basis.  The  additional  equipment  costs  should  be  offset  by  inproved 
service  and  irrproved  operating  costs. 

4.7  Software  Compatibility:  The  rapid  developments  in  microprocessors 

require  additional  attention  in  the  area  of  corpatibility.  As  digital 
systans  incorporate  more  microprocessors  for  signaling,  testing,  automated 
alarms  and  other  functions,  the  potential  for  inccmpatibility  increases 
for  transmission  systems  and  for  integrated  transmission  and  switching.  Micro- 
processor operations  generally  require  acknowledgement  of  execution  carman ds. 
The  speed  of  operation  is  limited  by  the  round  trip  delay  of  the  transmitted 
and  received  signals.  Equipnent  performance  is  optimized  between  operation 
speed  and  application  limits.  The  applicaticn  engineer  must  consider  not 
only  hardware  and  function  conpatibility,  but  maximum  syston  length  and 
other  software  corpatibility  factors.  It  is  recctrmended  that  the  engineer 
outline  all  present  and  future  systen  requirorents ,  and  to  obtain  written 
assurances  frcm  the  Seller  before  equipment  is  purchased. 
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D4  CHANNEL  BANK:   MODES  1-4 
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1.  GENERAL 


1.1 
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'^l  URBANA-CHAMPAIGN 


This  section  provides  REA  borrowers,  consulting  engineers  and  other 
interested  parties  with  information  and  recommendations  on  digital 
transmission  systems.  The  section  specifically  covers  digital  span  lines 
Ancillary  equipment  such  as  automatic  protection  switches  (APS)  and  span  ' 
line  interrogation  are  briefly  covered  also.  Refer  to  TE&CM  Section  950 
I^TryrST^I^"  ^"^  summary  discussion  on  digital  transmission,  and  refer 
n?nlt^w   -'^^  ^^^  t?-  ?  9^°ss^^y  0^  digital  transmission  terminology. 
Digital  terminals  multiplexers,  terminal  maintenance  systems  and  alarms 
are  covered  in  TE&CM  Section  954. 

1.2  Digital  span  lines  are  used  to  transport  digital  bit  streams  between 
terminal  locations.  In  telephony  applications,  span  lines  are 
generally  used  to  transport  digital  bit  streams  between  ends  of  digital  carrier 

inten^^  ph'h-^Ti  ^^'^""'^  ^^"^^^'  ^^'^^'^^^  ^^"^^^^  ^''^^^   equipment  and  '' 
integrated  digital  carrier-concentrator  equioment.  For  the  purpose  of 

this  discussion,  a  digital  span  line  consists  of  telephone  cable  pairs 
nninfc^  Hccessary  equipment  to  transmit  a  digital  bit  stream  between  two 
points.  Unless  otherwise  indicated,  a  span  line  generally  refers  to  a  Tl 
type  span  line  operating  at  1.544  megabits  per  second  (Mb/s).  Diqital 
span  line  equipment  generally  consists  of  span  terminating  equipment  and 
.w??rh!c    '•t^"'^'^]'''^  equipment  includes  housings,  automatic  protection 
wm  .n'-if  ^"   "^  interrogation,  order  wire  and  similar  equipment.  The 
.!hlcf    fi;^/''"'^"'^"*  ''  "'^^  *°  describe  the  support  hardware  and 
subsystems  that  are  a  secondary  part  of  the  system,  but  are  not  part  of 
tne  primary  digital  transmission  and  regeneration  process,  niqital  span 
lines  are  generally  arranged  to  accommodate  24  voice  channels  (or  data 
equivalent)  at  1.544  Mb/s,  or  multiples  of  24  channels.  Certain  in?erface 
criteria  are  specified  or  otherwise  implied  by  equipment  specifications, 
c^Sl  ?  J?"'  °''  commonly  used  terminology.  REA  Specification  PE-60  outlines 
some  of  these  requirements  including  the  1.544  Mb/s  bit  stream  with  defined 
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characteristics  such  as  pulse  density,  height,  width  and  shape.  Additional 
interface  information  is  outlined  in  AT&T  Advisory  No.  34,  Interconnection 
Specification  for  Digital  Cross-Connects. 

2.   SPAN  LINE  TECHNIQUES  AND  CHARACTERISTICS 

2.1  Span  Concept:  Digital  transmission  systems  applied  to  paired  tele- 
phone  cables  are  built  on  a  modular  span  concept.  A  span  line  is 
essentially  a  string  of  regenerators  between  two  locations  (generally 
central  office  buildings)  with  a  specified  interface  at  each  end.  A  span 
is  the  sum  of  all  span  lines  between  these  two  locations.  Figure  1 
illustrates  the  span  concept.  Span  lines  are  established  between  CO 
buildings  A-B,  B-C  and  C-D.  For  direct  digital  transmission  paths  between 
other  points,  span  lines  are  patched  through  intermediate  points.  For 
example,  to  provide  direct  service  between  office  A  and  office  D,  span 
lines  are  patched  through  offices  B  and  C.  The  specified  interfaces  allow 
span  lines  to  be  joined  on  a  universal  basis,  and  can  be  patched  automatically 
or  manually  into  other  span  lines.  For  instance,  if  service  between  A  and 
D  were  lost  because  of  a  span  line  failure  between  B  and  C,  other  (spare) 
span  lines  between  B  and  C  could  be  patched  (automatically  or  manually)  at 
B  and  C  to  complete  the  operating  transmission  path  between  A  and  D.  Spare 
span  lines  are  generally  included  in  digital  transmission  system  applications 
for  that  purpose. 


2.1.1  The 

DSl, 
minated  with 
end.  The  DSXl 


Tl  span  line  operates  at  1.544  Mb/s.  This  bit  rate  is  called 
or  digital  signal  at  the  first  level.  Span  lines  are  ter- 
a  specified  universal  interface  or  crossconnect  point  at  each 
is  the  specified  interface  for  Tl  span  lines  and  other  DSl 


system  modules.  The  pulse  stream  bit  rate  and  the  pulse  density,  height, 
width  and  shape  are  defined  by  the  term  DSXl.  Span  lines  are  "lossless" 
lines  in  that  all  input  levels  and  output  levels  are  the  same.  Spare  span 
lines  can  be  patched  (automatically  or  manually)  at  DSXl  locations  because 
of  this  apparent  zero-loss  line  and  universal  interface. 

2.2  Span  Line  Equipment:  Figure  2  illustrates  a  typical  arrangement  of 

channel  bank,  automatic  protection  switch  (APS),  and  Tl  type  span 
line  equipment.  Span  line  equipment  is  usually  categorized  broadly  as  span 
terminating  equipment  (inside  equipment)  and  line  repeaters  (outside  equip- 
ment). The  DSXl  interface  jacks  are  generally  considered  part  of  the  span 
terminating  equipment.  The  functional  parts  of  Tl  type  span  line  equipment 
will  be  outlined. 

2.2.1  Span  Terminating  Equipment:  Span  terminating  equipment  is  illustrated 
in  Figure  3.  It  generally  consists  of  a  span  power  converter,  an 
office  repeater  (receive  regenerator  only),  line  access  units  (DSXl  jacks), 
equalizer  and  attenuator  pads  for  cable  and  DSXl  interface,  protective  devices 
and  associated  hardware. 


# 
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2.2.1.1  Span  Power:  Span  line  power  supplies  may  be  large  dc-dc  con- 
verters that  are  common  for  several  span  lines.  However,  in 
rural  telcos,  it  is  likely  that  a  small  span  power  converter  will  be  an 
integral  part  of  the  span  terminating  equipment  dedicated  to  one  span 

■T'     I  .?S^^  ?°'^"^°"  ^^'"^  powering  voltage  is  +130  volts  to  the  transmit 
llr^^     ..   "]   ^°^^  *°  ^^^  receive  side  of  the  span  line.  This  provides 
^bU  volts  for  the  simplex  power  loop.  Span  power  current  is  adjusted 
and  maintained  at  a  fixed  value  (constant  current^  with  a  current  regulator 
in  the  transmit  (positive)  line  side.  To  improve  system  operation  during 
electrical  surge  conditions,  REA  requires  current  limiting  to  200  mA  in 
both  sides  of  the  line.  This  is  generally  provided  by  a  threshold  limit 
circuit  in  the  receive  side  and  the  current  regulator  in  the  transmit  side. 
As  the  simplex  loop  current  passes  through  the  repeater,  a  fixed  voltage 
is  established  and  regulated  by  a  zener  diode  to  power  that  repeater 
(Figures  4A  and  5).  In  effect,  the  zener  diode  acts  as  the  local  power 
supply  for  the  repeater.  The  office  repeater  is  generally  powered  by  a 
zener  diode  in  the  span  power  loop  as  illustrated  in  Figure  3.  The  power 
test  points  (generally  10  ohm  resistors)  are  used  to  measure  the  dc  span 
line  loop  current,  and  the  ac  induction  current  in  the  span  line. 

2-2.1.2  Office  Repeater:  The  office  repeater  is  essentially  one-half 
of  a  line  repeater.  It  contains  a  receive  regenerator  only. 


2.2.1.3  Line  Access  Units: 
jacks 


^ V ---  A  Tl  type  span  line  is  terminated  in  DSXl 

These  DSXl  jacks  may  be  integral  to  the  span  terminating 

equipment  for  each  span  line,  or  may  be  large  DSXl  jackfields  located 

separate  from  the  span  terminating  equipment. 

^•^•^•^  Equipment  Protection:  Office  repeaters  and  associated  electronic 
hardware  are  protected  in  much  the  same  manner  as  line  repeaters 
The  mu  tistage  protection  consists  of  shunt  high  voltage  gaps  such  as  gas 
tubes  (not  shown),  series  current  limiting  resistors  (R),  and  shunt  low 
voltage  devices  such  as  varistors  or  zener  diodes.  The  functions  of  these 
devices  are  discussed  further  in  Paragraph  2.2.2.5  covering  line  repeater 
protection. 

^-^-I-S  Miscellaneous:  Equalizer  and  attenuator  pads  located  in  the 
span  terminating  equipment  and/or  separate  DSXl  jackfields  are 
used  to  provide  proper  levels  at  the  DSXl,  inside  equipment,  and  outside 
plant  interface.  The  office  repeater  also  contains  an  interrogation  circuit 
in  the  regenerator  output  transformer.  The  interrogation  circuit  is  omitted 
from  the  office  repeater  illustrated  in  Figure  3,  but  is  included  in  the 
line  repeater  illustrated  in  Figure  4A. 

2.2.2  Line  Repeater:  A  Tl  type  digital  line  repeater  contains  two 

regenerators,  a  power  supply,  interrogation  circuits  and  electrical 
protection.  Figure  4A  illustrates  a  typical  line  repeater  and  Figure  4B 
shows  an  expanded  view  of  the  regenerator 
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2.2.2.1  Regenerator:  The  hear 
regenerator.  In  a  pre 
regenerator  is  contained  in  one 
a  typical  regenerator.  It  consi 
network,  equalizer  and  amplifier 
This  is  followed  by  a  threshold 
A  clock  extracts  pulses  for  prec 
loop  controls  the  amplification 


t  of  the  digital  line  repeater  is  the 
sent  day  digital  repeater,  much  of  the 
integrated  circuit.  Figure  4B  illustrates 
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detector  and  a  balanced  pulse  regenerator, 
ise  timing  and  a  peak  detector  feedback 
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2.2.2.2 


the  ALBO, 
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As  the  pulses  are  transmitted  along  the  cable,  they  become  weak 
and  distorted.  Controlled  by  a  peak  detector  in  a  feedback  loop, 
equalizer  and  amplifier  use  analog  techniques  to  amplify  and  re- 
weak  incoming  signal.  The  amplifier  output  signal  is  then  at  a 
shape  that  can  be  viewed  as  pulses.  The  regenerator  will  then 
sample  the  incoming  signal  at  1,544,000  times  per  second  (for  DSl)  to 
determine  if  there  is  a  pulse  or  a  no-pulse  condition  at  each  timing 
interval.  If  there  is  a  pulse  present  at  the  input,  a  new  pulse  will  be 
regenerated  at  the  output.  The  decision  level  is  controlled  by  a  threshold 
detector  within  the  regenerator.  The  1.544  Mb/s  sampling  rate  is  controlled 
by  a  precise  clock  (tuned  circuit)  which  is  driven  by  pulses  extracted 
from  the  incoming  signal.  So  that  the  repeater  clocks  will  not  drift  in 
frequency  due  to  a  long  absence  of  pulses,  a  limit  is  placed  on  the  number 
of  consecutive  zeros  (no-pulse  condition)  that  can  be  transmitted  by  ter- 
minal equipment.  No  more  than  15  consecutive  zeros  are  transmitted  at  the 
DSl  rate.  Terminal  equipment  is  generally  designed  to  transmit  a  large 
pulse  density  during  idle  or  low  activity  conditions  to  minimize  clock 
drift  or  timing  jitter. 

2.2.2.3  Repeater  Power  Supply:  Digital  line  repeaters  are  powered  by  a 
constant  current  simplex  loop  as  illustrated  in  Figure  5.  As  the 
current  passes  through  the  line  repeater,  a  zener  diode  establishes  a  con- 
stant voltage  drop  to  power  the  repeater  electronic  circuits.   (Refer  to 
Figure  4  for  a  more  detailed  illustration  of  the  line  repeater.)  Depending 
on  the  model,  repeaters  require  60,  100  or  140  mA  simplex  loop  current.  The 
voltage  drop  across  each  line  repeater  is  about  8  to  12  volts,  depending  on 
the  span  loop  current  and  the  specific  model  repeater.  The  span  line  power 
is  fed  from  each  end  of  the  system  (central  offices  or  other  locations)  on 
a  simplex  basis  (tip  and  ring  of  a  pair  in  parallel)  to  a  power  loop  point, 
and  return.  The  trend  is  toward  lower  current.  Where  there  is  a  mixture 
of  repeaters  in  a  span  line,  the  low  current  repeaters  can  be  operated  at 
the  higher  current  values.  The  repeaters  must  function  properly  with  induced 
60  hertz  ac  longitudinal  current  in  the  cable  pairs  and  repeaters.  REA 
specifications  require  that  Tl  type  digital  repeaters  function  properly 
with  50  mA  rms  of  ac.   (This  equates  to  a  peak  value  of  70.7  mA  for  a 
60  hertz  sine  wave,  and  may  exceed  the  dc  powering  current.)  A  large  value 
capacitor  is  placed  across  the  zener  diode  to  improve  the  immunity  to 
60  hertz  current  in  the  repeater. 
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2-2.2.4  Repeater  Protection:  The  multilevel  protection  incorporated 
into  a  digital  line  repeater  serves  as  an  example  of  the 
electrical  protection  used  with  a  wide  variety  of  electronic  equipment. 
This  is  illustrated  in  Figure  4A.  High  voltage  gap  devices  (A)  are  used 
to  limit  the  voltage  across  the  line  terminals.  There  are  usually  350 
volt  2  element  or  3  element  gas  tubes.  Series  resistors  (B)  provide  current 
limiting  for  lightning  and  electric  system  fault  currents  flowing  through 
the  repeaters.  These  resistors  are  usually  5.6  ohms  each.  Low  voltage' 
limiting  devices  (C)  are  placed  across  the  input  and  output  of  sensitive 
electronic  circuits.  These  are  usually  zener  diodes  or  varistors.  The 
high  voltage  gaps  and  series  resistors  are  coordinated;  as  the  surge  current 
through  the  repeater  increases,  the  series  resistors  provide  enough  voltage 
drop  across  the  repeater  to  activate  the  high  voltage  protector  gaps  which 
bypass  large  surge  currents  around  the  repeater  or  to  ground.  Voltage 
differences  at  repeater  inputs  and  outputs  (due  to  current  differences  in 
tip  and  ring  conductors)  are  low  voltage  limited  or  clamped  to  minimize 
damage  to  sensitive  electronic  circuits  within  the  repeater. 

2.3  Automatic  Protection  Switch:  An  automatic  protection  switch  (APS) 
"protects"  the  digital  system  from  failure  by  switching  traffic  to 
a  spare  span  line  in  the  event  of  a  failure  in  the  systems  main  span  line 
(Figure  2).  APS  were  developed  initially  for  high  density  analog  radio 
systems  to  achieve  wery   high  service  reliability.  The  inherent  nature  of 
digital  systems  provided  for  low  cost  APS  systems  to  protect  small  channel 
quantities.  Digital  APS  systems  are  available  for  paired  cable  systems, 
optical  fiber  systems  and  radio  systems.  They  are  arranged  to  protect  in 
levels  or  groups,  beginning  at  the  basic  DSl  bit  rate.  This  discussion 
will  be  limited  to  APS  applied  to  Tl  type  span  lines  (DSl).  Similar 
techniques  are  used  at  higher  bit  rates. 

2.3.1  APS  systems  monitor  the  incoming  DSl  line  signal  for  errors  (bipolar 
violations).  When  the  predetermined  error  rate  is  exceeded,  the 

APS  causes  the  traffic  on  the  primary  or  main  span  line  to  be  transferred 
to  a  spare  span  line  automatically.  Thus,  the  digital  bit  stream  is  trans- 
ferred to  an  alternate  path  when  the  main  path  becomes  unusable. 

2.3.2  Early  APS  used  simple  error  detection  techniques,  used  mechanical 
relays  for  the  switching  paths,  and  required  manual  restoral . 

Several  problems  surfaced  with  these  early  APS.  Simple  error  detection 
may  cause  the  bit  stream  to  be  prematurely  switched  due  to  a  momentary 
disturbance  (lightning  surges,  etc.).  Once  the  switch  is  made,  the  spare 
span  line  is  no  longer  available  for  backup  of  other  span  lines  if  manual 
restoral  is  required  --  even  if  the  main  line  is  operating  satisfactory. 
Relay  switches  require  a  relatively  long  switching  interval  (5  to  50 
milliseconds)  leaving  the  main  and  spare  line  repeaters  without  incoming 
pulses  to  maintain  proper  gain  (ALBO  repeaters).  In  the  absence  of  incoming 
pulses,  the  increased  repeater  gain  may  cause  the  repeater  to  respond  to 
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pulses  from  other  span  lines  via  near  end  crosstalk  couoling  and  generate 
excessive  errors.  A  transfer  may  be  initiated,  but  may  be  inhibited 
before  transfer  at  both  ends  is  completed. 


• 


2.3.3 


Improvements  were  made,  and  available  APS  ranged  from  simple  relay 
switches  to  high  speed  electronic  systems.  With  improved  charac- 
teristics, relay  switches  were  used  with  varying  degrees  of  success  in 
terminal-to-terminal  applications.  All  relay  switches  lacked  some  of  the 
characteristics  necessary  for  universal  interface  and  sectional  application. 
The  gap  in  costs  between  the  relay  and  electronic  APS  began  to  narrow. 
A  review  of  the  technical  and  economic  considerations  led  to  an  REA 
specification  for  a  universal  APS  applied  on  a  sectional  basis. 

2.3.4  REA  Specification  PE-60c  covers  a  universal  APS  for  Tl  span  lines. 
The  specification  requires  a  high  level  of  error  detection,  fast 

transfer  and  automatic  restoral .  The  term  "universal"  refers  to  the 
requirement  that  the  APS  can  be  placed  between  span  lines  and  channel  banks 
without  external  control  signals  (such  as  a  clock,  transfer  commend,  etc.). 
There  is  no  requirement  for  a  universal  "language"  (command  signals  in 
the  DSl  bit  stream)  that  would  ensure  end-to-end  compatibility.  Industry 
agreement  could  not  be  reached  in  this  area.  However,  the  two  APS  now  on 
the  REA  List  of  Materials  are  end-to-end  compatible. 

2.3.5  Requirements  for  APS  are  outlined  in  REA  Specification  PE-60c  and 

in  the  AT&T  "Tl  Outstate  Automatic  Protection  Switching  Requirements", 
Some  of  the  APS  characteristics  are  noted  here.  The  DSXl  is  the  standard 
interface.  Control  signals  are  contained  in  the  DSl  bit  stream.  The 
switching  elements  are  semiconductors.  Errors  are  monitored  on  the  main 
and  spare  line.  Transfer  is  initiated  after  the  main  line  is  determined 
to  be  faulty  and  the  spare  line  is  determined  to  be  satisfactory.  Automatic 
restoral  to  the  main  line  is  required  when  the  main  line  becomes  satisfactory 
for  traffic.  The  APS  will  not  initiate  transfer  due  to  a  brief  "burst"  of 
errors.  Transfer  is  rapid.  "Keep-alive"  bit  streams  are  supplied  to  all 
span  lines  not  carrying  traffic  except  during  the  \jery   short  transfer  period. 
The  keep-alive  signal  is  generated  within  the  APS,  and  is  substituted  for 
an  absent  DSl  line  signal.  A  channel  bank  failure  will  not  initiate  a 
transfer.  Each  section  of  the  "protected"  span  line  stands  alone.  Incoming 
bipolar  violations  are  removed,  resulting  in  a  violation-free  output  signal. 
In  a  string  of  several  protected  sections,  only  the  faulty  section  wilTbe 
transferred.  The  other  spare  lines  remain  available  for  protection  of 
other  span  sections.  Priority  of  line  transfer  is  assigned  by  the  operating 
telco.  As  a  maintenance  tool,  the  APS  provides  an  alarm  and  registers 
a  local  indication  of  failure  and  transfer. 

2.3.6  Since  the  APS  removes  bipolar  violations,  span  line  interrogation 
must  be  done  on  a  section-by-section  basis.  It  is  not  possible 

to  interrogate  through  an  intermediate  APS  location  at  this  time.  The  APS 
does  make  provision  for  maintaining  the  interrogation  bipolar  violation 
patterns  in  a  looped  mode.  Both  the  transmit  and  receive  regenerators 
can  be  interrogated  from  either  end  of  a  section  with  a  looped  interrogation 
system  and  APS  wired  for  the  looping  mode. 
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2.4  Span  Line  Interrogation:  Digital  line  repeaters  and  office  repeaters 
contain  interrogation  circuits  so  that  they  can  be  tested  from  a 
distant  location.  This  is  an  out-of -service  test.  This  capability  is 
provided  by  a  third  winding  in  the  repeater  output  transformer  (see 
Figure  4A).  A  digital  bit  stream  containing  specific  bipolar  violation 
patterns  is  generated  at  the  central  office  and  transmitted  down  the 
span  line.  The  bipolar  violation  patterns  are  coupled  into  the  third 
winding  of  the  repeater  output  transformer  and  passed  through  a  voice 
frequency  filter  (see  Figure  6).  There  are  12  frequencies  associated 
with  the  bipolar  violation  patterns.  Each  repeater  location  (up  to  12) 
uses  a  filter  tuned  to  a  different  voice  frequency.  Additional  interrogation 
pairs  or  other  techniques  are  used  for  more  than  12  interrogation  locations, 
or  for  looped  interrogation.  In  most  cases  of  span  line  troubles,  the 
faulty  repeater  can  be  determined  from  the  central  office. 

2-4.1  Interrogation  Signal:  A  span  and  repeater  test  set  generates  a 

digital  bit  stream  with  a  controlled  pattern  of  bipolar  violations. 
The  pattern  consists  of  (a)  positive  trios  and  negative  trios;  (b)  positive 
trios  followed  by  a  signal  without  bipolar  violations;  and  (c)  negative 
trios  followed  by  a  signal  without  bipolar  violations  (see  Figure  7). 
The  positive  and  negative  trios  are  discussed  to  illustrate  the  interrogation 
process. 

2.4.2  The  test  set  consists  of  a  pulse  generator  and  a  voice  frequency 
selective  voltmeter  (receiver).  The  pulse  generator  output  is 

connected  to  the  transmit  side  of  the  span  line,  and  provides  the  span  line 
driving  signal  (Figure  6).  The  test  set  receiver  is  connected  to  a  fault 
location  pair;  this  is  a  voice  frequency  cable  pair  (loaded  or  nonloaded). 
The  pulse  generator  output  is  a  1.544  Mb/s  line  signal  consisting  of  trios 
of  pulses  with  a  large  quantity  of  bipolar  violations.  These  are  transmitted 
in  specific  patterns  of  positive  trios  (positive-negative-positive)  and 
negative  trios  (negative-positive-negative)  as  illustrated  in  Figure  8. 
The  low  frequency  characteristics  of  this  signal  are  contained  in  the  rate 
by  which  the  pattern  alternates  from  positive  trios  to  negative  trios.  If 
this  signal  is  passed  through  a  voice  frequency  filter,  the  1.544  Mb/s  bit 
stream  would  be  eliminated  and  a  voice  frequency  signal  would  remain. 

2.4.3  If  the  repeaters  are  operating  properly,  the  trios  will  be  regenerated 
and  transmitted  to  the  next  repeater.  A  portion  of  the  repeater 

output  is  coupled  into  the  third  (interrogation)  winding.  This  signal  is 

filtered  and  connected  to  the  fault  location  cable  pair. 

office,  the  fault  location  pair  is  measured  for  a  receive 

of  the  12  voice  frequencies  corresponding  to  filters  A-M.  ^^^,.   ,  v,h^uu^, 

is  tested  by  transmitting  and  measuring  each  of  the  12  frequency  patterns  in 

sequence.  A  faulty  repeater  is  detected  by  no  received  signal,  or  by  a  low 

receive  level  at  its  corresponding  filter  frequency.  The  12  frequencies 

are: 


At  the  central 
level  at  one 
Each  repeater 
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2.4.4  For  interrogating  more  than  12  repeaters,  or  for  looped 
rogation  (both  directions  from  one  end),  additional  faul 

and/or  amplified  directional  filters  are  used.  The  amplified  fi 
become  rather  standard  in  rural  areas.  They  not  only  double  the 
of  repeaters  that  can  be  interrogated  with  one  fault  pair,  they 
the  interrogation  signal  to  improve  the  signal-to-noise  ratio  on 
fault  pair.  Figure  9  illustrates  the  use  of  two  fault  pairs  and 
illustrates  the  amplified  fault  filter  for  looped  interrogation, 
technique  can  be  used  to  interrogate  up  to  12  repeaters  in  both 
from  either  end,  or  can  be  used  to  interrogate  up  to  24  repeater 
direction  only.  More  fault  pairs  can  be  used  to  increase  the  nu 
repeaters  to  be  interrogated. 

2.4.5  Repeaters  cannot  be  interrogated  through  an  APS  location  because 
the  bipolar  violations  are  removed.  The  APS  provides  for  automatic 

looping  in  the  presence  of  large  quantities  of  bipolar  violations  to 
accommodate  looped  interrogation. 

2.5  Equipment  Evolution:  This  discussion  will  address  digital  span 
line  equipment  evolution  as  applied  to  paired  telephone  cables. 

2.5.1  T\_:     The  original  digital  transmission  system  was  developed  for 
inter-office  trunks  for  application  to  existing  exchange  tele- 
phone cables.  Extensive  research  by  the  Bell  System  resulted  in  a  practical 
transmission  system  at  1.544  Mb/s  with  24  voice  channels.  It  was  designated 
the  Tl  system,  and  is  the  basic  building  block  for  digital  transmission 
systems  used  in  North  America.  (Tl  designates  the  Western  Electric  equip- 
ment and  DSl  designates  the  1.544  Mb/s  bit  rate.) 

2.5.1.1  A  Tl  system  transmits  50  percent  duty  random  bipolar  pulses  with 
each  successive  pulse  alternating  in  polarity  (alternate  bipolar 

pulses)  as  illustrated  in  Figure  11.  Consecutive  pulses  of  the  same  polarity 
constitute  a  bipolar  violation  in  Tl  transmission  systems.  Other  digital 
systems  may  contain  intentional  bipolar  violations  provided  by  the  equipment 
design.  (Note:  A  50  percent  duty  pulse  describes  a  pulse  where  one-half 
of  the  duty  cycle  is  alloted  to  the  pulse  and  the  other  half  is  alloted  to 
a  zero  level  condition  for  separation  of  pulses  in  a  bit  stream.)  A  Tl 
signal  can  have  no  more  than  15  consecutive  zeros  in  a  bit  stream  to 
maintain  clock  synchronization  and  minimize  jitter  (timing  variations). 

2.5.1.2  Early  model  Tl  type  repeaters  did  not  contain  the  automatic  line 
build  out  (ALBO)  network  illustrated  in  Figure  4B.  Instead,  a 

special  digital  span  line  test  set  was  used  to  measure  the  cable  loss 
between  repeaters.  A  fixed  line  build  out  (LBO)  network  was  inserted  in 
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both  receive  sides  of  the  repeater  corresponding  to  the  measured  cable 
loss  in  each  receive  side.  The  LBO  networks  were  provided  in  2.4  dB 
steps,  and  provided  a  sloped  loss  to  build  the  cable  out  to  a  full 
loss  section  (nominal  31  dB).  This  provided  for  a  31  +  4  dB  loss  between 
repeaters,  regardless  of  the  cable  length. 


2.5.1.3  Early  model  repeaters  used 

operational  problems  such 
input  signal.  There  were  also  addit 
these  discrete  component  repeaters  s 
(i.e.,  cable  type  or  gauge  change)  w 
of  the  repeater  regenerator  is  now  c 
designed  for  low  current  operation, 
the  key  component  in  a  Tl  span  line, 
a  compact  and  inexpensive  unit  with 


discrete  components  and  had  minor 
as  oscillation  in  the  absence  of  an 
ional  application  restrictions  for 
uch  as  no  impedance  discontinuity 
ithin  3  dB  of  the  repeater.  Most 
ontained  in  a  single  integrated  circuit 

The  Tl  type  line  repeater  is  perhaps 
This  complex  device  has  evolved  into 
a  history  of  reliable  service. 


2.5.2  T2:  The  Bell  System  later  developed  the  T2  system  to  operate  on 
special  cables  at  6.312  Mb/s  with  96  voice  channels.  The  96 
channels  of  the  T2  system  may  originate  in  as  many  as  four  different 
locations  of  24  channels  each  over  separate  Tl  lines.  Each  of  the  Tl 
systems  may  operate  from  independent  1.544  Mb/s  clocks.  The  slight 
differences  in  bit  rates  result  in  nonsynchronized  signals  being  fed  into 
a  multiplexer.  The  multiplexer  inserts  an  extra  136,000  bits  to 
maintain  a  6.312  Mb/s  synchronized  rate  from  the  four  random  1.544  Mb/s 
inputs.  These  extra  bits  are  discarded  when  the  signal  is  demultiplexed. 
(Multiplexing  is  described  in  TE&CM  Section  954.) 

2.5.2.1  A  T2  system  transmits  50  percent  duty  bipolar  pulses,  but  with 
deliberate  bipolar  violations.  Higher  density  systems  use 
scrambling  or  zero  substitution  techniques  to  avoid  long  groups  of  zeros 
or  repetitive  patterns  in  the  transmitted  signal.  T2  uses  a  bipolar  with 
six  zero  substitution  (B6ZS)  code  to  provide  frequent  clock  synchronization 
pulses  and  avoid  a  long  string  of  zeros.  A  special  code  is  substituted  for 
six  consecutive  zeros.  Bipolar  violations  included  in  the  code  are  used 
by  the  receive  terminal  to  restore  the  signal  to  its  original  condition. 


2.5.3  TIC:  TIC  is  an  intermedi 
greater  than  Tl  but  less 
transmission  system  (or  span  line 
channels.  The  cable  transmission 
better  for  TIC  than  for  Tl .  TIC 
cables  (i.e.,  900  pairs  or  more) 
for  use  in  two-cable  apolications 
for  TIC  were  not  met  with  standar 
for  digital  systems)  at  that  time 
developed  for  TIC  application. 


ate  level  span  line  with  a  bit  rate 
than  T2.  TIC  refers  to  a  digital 
)  that  operates  at  3.152  Mb/s  with  48  voice 
characteristics  must  be  significantly 
was  designed  to  be  applied  to  yery   large 
for  use  in  large  metropolitan  areas,  or 

Cable  near  end  crosstalk  requirements 
d  screened  cables  (equivalent  of  two  cables 

"Improved"  screened  cables  were  then 


2.5.3.1  A  TIC  system  transmits  50  percent  duty  bipolar  pulses  in  the 
same  manner  as  Tl ,  but  at  a  higher  rate.  The  3.152  Mb/s  line 
rate  provides  for  combining  two  asynchronous  Tl  lines  plus  64,000  bits 
for  synchronization. 
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2.5.4 

cables 
altern 
signal 
better 
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these 


Other  48  Channel  Systems:  Independent  manufacturers  also  provide 
alternative  48  channel  span  lines  that  can  be  applied  to  exchange 
and  standard  screened  cables  as  now  used  by  REA  borrowers.  These 
ative  systems  compress  the  48  channel  information  into  a  span  line 
that  requires  cable  transmission  characteristics  only  slightly 
than  Tl  and  significantly  less  than  TIC.  These  alternative  48 
1  systems  are  unique,  and  are  not  compatible  with  TIC.  Two  of 
encoding  techniques  are  briefly  described. 


2.5.4.1  A  ternary  encoded  system  uses  a  4  binary  to  3  ternary  (4B3T) 
code  to  reduce  the  TIC  line  rate.  The  3.152  Mb/s  bipolar 

pulses  are  converted  into  2.364  Mb/s  pulses  with  a  large  quantity  of 
bipolar  violations  in  the  bit  stream. 

2.5.4.2  A  modified  duobinary  encoded  system  divides  the  TIC  stream  into 
two  alternative  bit  streams,  and  then  interleaves  the  two  signals 

in  a  duobinary  format.  A  TIC  system  transmits  pulses  of  158  nanoseconds 
duration  of  the  317  nanoseconds  time  slot  allotment  (50  percent  duty). 
A  Tl  systems  transmits  pulses  of  324  nanoseconds  duration  of  the  648 
nanoseconds  time  slot  allotment  --  also  50  percent  duty,  but  approximately 
twice  as  wide.  The  duobinary  system  takes  advantage  of  the  "dead  time" 
between  pulses.  One  hundred  percent  duty  pulses  are  transmitted  (317 
nanosecond  pulses  in  a  317  nanosecond  time  slot).  The  two  bit  streams 
are  interleaved  each  317  nanoseconds,  and  the  resultant  combined  output 
pulses  may  be  either  158  or  317  nanoseconds  wide  (one  or  two  time  periods) 
before  returning  to  zero.  The  duobinary  signal  transports  the  TIC  infor- 
mation rate  but  with  a  power  spectrum  similar  to  that  of  a  Tl  system. 

2.5.4.3  These  alternative  48  channel  span  lines  were  developed  to  be 
retrofitted  into  existing  Tl  span  line  designs.  The  system 

crosstalk  requirements  are  slightly  greater  than  for  Tl  systems,  and  each 
application  must  be  reviewed  before  a  decision  is  made  to  convert  from 
Tl  to  an  alternative  system.  (TIC  is  not  a  retrofit  system  because  of 
higher  crosstalk  requirements.) 

3.  PRESENT  DAY  EQUIPMENT. 

3.1  The  vast  majority  of  present  day  digital  span  line  equipment  is  Tl 
type  equipment  applied  to  exchange  telephone  cables.  There  are  also 
higher  bit  rate  systems  in  service  on  exchange  and  special  telephone  cables, 
but  in  relatively  small  quantity  at  this  time.  The  characteristics  of  these 
digital  transmission  systems  are  described  in  Paragraph  2.  The  following 
is  a  tabulated  summary  of  these  span  line  characteristics. 


# 


REA 
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Equipment 
Type 

Tl 

TIC 

Ternary 

Mod.  Duobinary 


Information 
Bit  Rate  (Mb/s) 

1.544 
3.152 
3.152 
3.152 


Span 
Rate 


Line 
(Mb/s) 


1.544 
3.152 
2.364 
3.152   (Mod) 


Application 
Comments 

Exchange  Cable 
Special  Cable  or  2  Cable 
Exchange  Cable-Retrofit 
Exchange  Cable-Retrofit 


3.2  The  Tl  span  line  is  the  basic  building  block  of  digital  transmission 
systems  used  in  North  America.  Tl  type  span  lines  have  become  the 
standard  for  digital  transmission  systems  in  rural  areas,  and  have  been 
used  since  1962  in  REA  borrowers'  systems.  Tl  type  systems  are  provided 
Dy  almost  all  independent  manufacturers  of  digital  transmission  and  switching 
equipment.  Typical  applications  in  REA  borrowers'  systems  generally  favor 
n  type  span  lines  over  other  techniques.  Terminated  with  a  DSXl  inter- 
face, Tl  type  span  lines  can  be  used  with  a  wide  variety  of  digital  trunk 
andsubscriber  channel  banks,  digital  host  and  remote  central  office 
equipment,  digital  subscriber  line  concentrators,  and  for  high  speed  digital 
data  services.  Tl  type  span  lines  can  also  be  used  to  extend  service  from 
higher  density  radio,  lightwave  or  coaxial  cable  digital  transmission 
systems. 


3.2.1  Tl-  type  span  lin 
concern  if  the  c 
span  line  engineering  gu 
are  economical  and  in  wi 
non-screened)  generally 
siderations  are  outlined 
covered  in  Paragraph  5, 
6.  Tl  type  span  lines  c 
station  carrier.  This  i 


es  can  be  applied  to  exchange  cables  without  undue 
able  meets  REA  specification  requirements  and 
idelines  are  followed.  Because  Tl  type  span  lines 
de  use,  REA  cable  specifications  (screened  and 
emphasize  Tl  type  digital  span  lines.  Cable  con- 
in  Paragraph  4,  repeater  spacing  guidelines  are 
and  power  considerations  are  covered  in  Paragraph 
an  be  applied  to  cables  with  low  density  analog 
s  discussed  in  Paragraph  7. 


3-3  Higher  density  diqital  span  lines  impose  increased  transmission 

requirements  on  cable  facilities  over  that  of  Tl  span  lines   The 
increased  requirements  are  modest  for  two  systems  of  independent  manu- 
facturers using  ternary  encoding  or  modified  duobinary  encoding  to  pro- 
vide 48  channels.  In  many  applications,  these  systems  can  be  retrofitted 
into  existing  24  channel  Tl  type  span  lines  to  double  the  capacity.  Other 
systems  such  as  TIC  type  span  lines  are  designed  primarily  for  new  cable 
routes.  TIC  type  span  lines  impose  much  higher  transmission  requirements, 
and  must  be  used  in  two-cable  applications  or  applied  to  special  cables 
Ihese  special  cables  for  TIC  application  are  not  presently  covered  in  REA 
specifications,  but  guidelines  are  being  developed  for  the  use  of  TIC 
cables  and  equipment.  Refer  to  paragraph  7.7  for  information  and  recom- 
mendations on  48  channel  span  lines. 

4.   CABLE  CONSIDERATIONS 

4.1  Span  line  engineering  for  Tl  type  systems  is  based  on  the  research 
by  H.  Cravis  and  T.  V.  Crater  of  Bell  Telephone  Laboratories,  The 
results  of  this  research  were  published  in  the  March  1963  issue  of  The 
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Bell  System  Technical  Journal  entitled  "Engineering  of  Tl  Carrier  System 
Repeatered  Lines".  The  major  contributions  of  this  work  were  to  quantify 
a  large  volume  of  statistical  data  and  to  establish  simplified  guidelines 
for  the  application  of  Tl  systems  to  exchange  telephone  cable.  The 
following  guidelines  for  Tl  span  line  design  are  for  voice  service  only, 
and  not  for  digital  data  service  (DDS). 

4.1.1  The  span  is  established  as  a  basic  engineering  unit.  Span  line 
engineering  guidelines  are  based  on  a  maximum  of  3  spans  in  tandem. 

The  overall  maximum  bit  error  rate  objective  for  digital  systems  in  voice 
service  is  10~6.  This  provides  for  a  maximum  bit  error  rate  of  3  x  10"' 
for  each  span  (Figure  12).  For  reasons  that  are  discussed  later  the  error 
rate  is  further  divided  to  provide  for  10"^  bit  error  rate  for  each  end 
section  and  10"^  bit  error  rate  for  the  remainder  of  the  span  line 
(Figure  13). 

4.1.2  The  design  frequency  for  Tl  span  lines  is  772  kHz  and  the  design 
temperature  is  lOQOF  for  buried  cables  and  140°F  for  aerial  cables. 

Maximum  span  line  section  loss  values  of  35  dB,  33.5  dB,  32  dB,  and  others 
are  often  cited;  but  confusion  may  exist  as  to  the  circumstances  under 
which  each  apply. 

35  dB:  The  highest  loss  to  be  encountered  on  any  pair  in  a  section  at  the 
highest  operating  temperature  is  established  at  35  dB. 


33 
c 


,5  dB 


„^.  The  maximum  allowable  section  loss  based  on  the  average  of  all 

able  pairs  in  a  cable  section  at  the  highest  operating  temperature  is 

generally  established  at  33.5  dB;  this  allows  for  a  1.5  dB  increase  for  the 

worst  one  percent  cable  pair. 

32  dB:  The  maximum  allowable  section  loss  based  on  the  average  of  all 
cable  pairs  in  a  cable  section  at  a  nominal  55QF  operating  temperature 
calculates  to  be  approximately  32  dB  for  buried  cable  (and  approximately 
31  dB  for  aerial  cable). 

4.1.3  Engineering  Loss:  For  the  ease  of  span  line  design,  engineering 
loss  values  at  55°F,  lOQOF  and  140°F  were  developed  for  various 

cable  types.  Design  charts  are  generally  based  33.5  dB  as  a  maximum 
loss  (average  of  pairs)  at  100°F  for  buried  cable  and  140°F  for  aerial 
cable.  Typical  telephone  cable  engineering  loss  values  are  shown  in 
Figure  22. 

4.1.4  The  33.5  dB  maximum  section  length  is  based  on  the  repeater 
(regenerator)  performance.  The  maximum  section  length  also  depends 

on  signal-to-noise  degradation  due  to  crosstalk  and  other  noise.  A 
maximum  length  of  23  dB  has  been  established  for  end  sections  in  a  noisy 
environment  (i.e.,  CO  switching  noise).  For  one  cable  operation,  it  may 
be  necessary  to  reduce  the  section  lengths  to  offset  the  poorer  signal-to- 
noise  margin  caused  by  near  end  crosstalk  (NEXT)  coupling  from  other  cable 
pairs.  There  are  engineering  guidelines  for  minimum  section  loss  and  for 
maximum  level  differences  for  span  line  route  junctions  between  repeater 
locations.  Unless  stated  otherwise,  the  following  discussion  refers  to 
span  line  design  as  applied  to  trunk  systems.  Additional  factors  must  be 
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considered  for  subscriber  systems. 

^•2  Terminal  Noise  Considerations:  Terminal  locations  are  generally 
considered  as  noisy  environment  locations.  This  is  especially  the 
case  where  pairs  within  a  cable  are  used  for  voice  frequency  service  that 
terminate  at  that  location.  Impulses  from  rotary  dialing  and  ringing 
voltages  are  coupled  into  digital  span  lines,  reducing  the  system  signal- 
to-noise  margin.  One-third  of  the  signal-to-noise  impairment  is  assigned 
to  each  end  section  and  one-third  is  assigned  to  the  remainder  of  the 
span  line  (Figure  13).  A  maximum  loss  of  23  dB  has  been  established  for 
endsections  due  to  office  noise.  Crosstalk  must  also  be  considered,  but 
it  is  unlikely  that  crosstalk  will  reduce  the  maximum  permissible  loss 
further. 

4.2.1  Where  separate  cables  are  used  for  digital  transmission  systems 
and  are  routed  to  avoid  impulses  from  switching  and  other  noise 
sources,  the  full  33.5  dB  section  loss  is  permitted.  The  lower  impulse 
noise  from  electronic  and  digital  central  offices  further  reduce  terminal 
noise  concern.  Some  telcos  have  been  successful  in  establishing  maximum 
loss  sections  for  all  cable  sections  by  careful  planning.  While  this 
engineering  approach  is  permitted,  the  shorter  end  sections  will  result 
in  only  a  small  cost  increase  for  typical  rural  systems  (one  additional 
repeater  location).  This  is  generally  a  good  investment  in  margin  for  the 
future. 

4-3  Crosstalk  Considerations:  Figure  14  illustrates  crosstalk  coupling 

paths  for  digital  systems  in  telephone  cables.  A  cable  section 
between  repeater  location  X  and  Y  is  reviewed.  A  digital  bit  stream 
transmitted  by  System  1  at  repeater  X  is  coupled  into  the  remaining  five 
pairs  illustrated.  It  is  coupled  into  pairs  3  and  5  as  far  end  crosstalk 
(FEXT).  It  is  also  coupled  into  pairs  2,  4  and  6  as  near  end  crosstalk 
(NEXT).  Note  that  the  potential  interference  is  not  only  to  other  digital 
systems  in  the  same  cable,  but  is  also  a  potential  for  interference  to 
the  same  system  in  the  reverse  direction.  As  the  signals  travel  from 
repeater  X  to  repeater  Y,  the  signal  levels  of  all  three  systems  are 
attenuated  equally.  Thus,  FEXT  is  "equal  level"  crosstalk.  As  long  as 
engineering  guidelines  are  followed,  FEXT  is  considered  in  the  basic 
systemdesign  and  need  not  be  considered  further  in  application  engineering 
(FEXT  is  considered  when  engineering  for  taps  between  repeater  locations.)' 


4.3 


1  The  maximum  repeater  spacing  due  to  crosstalk  is  determined  by 
the  following  formula. 

Ld  =  (m-s  -  32  -  10  log  n) 


Where:  Ld  = 
m  = 

s  = 
n  = 


Repeater  section  loss  in  dB  at  highest  operating 

temperature  (100°F  or  140OF) 

Mean  value  of  near  end  crosstalk  (NEXT)  coupling 

loss  in  dB  at  772  kHz 

Standard  deviation  of  m 

Number  of  Tl  systems  in  the  cable 
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Note  that  only  NEXT  values  of  m-s  are  identified  in  this  formula.  The 
-32  includes  a  6  dB  reduction  in  the  value  of  m  to  provide  for  variations 
in  cable  manufacturing  and  for  FEXT.  The  -32  is  for  chart  values  of 
m-s.  For  measured  values  of  m-s,  use  -29  instead  of  -32. 

4.3.2  The  formula  for  maximum  repeater  spacing  is  often  shown  as  follows. 

Ld  =  (m-s  -  32  -  10  log  n)  j^ 

In  this  case,  Ld  is  the  loss  at  55°F  instead  of  the  highest  temperature, 
and  ft  is  a  conversion  factor  for  temperature.  This  method  is  used  when 
attenuation  values  are  provided  at  55°F,  ft  values  are  provided  for  each 
cable  type,  and  maximum  section  losses  are" provided  for  each  cable  type 
at  lOO^F  and  140OF.  For  simplicity,  this  discussion  provides  attenuation 
values  at  100°F  and  140°F  for  repeater  spacing  calculations. 

4.3.3  The  terms  m  and  s^  are  described  for  a  better  understanding.  The 
near  end  coupling  of  wire  pairs  in  cable  is  determined  by  measuring 

the  coupling  loss  of  all  pair  combinations.  This  comprises  a  large  volume 
of  measurements.  There  are  66  combinations  in  a  12  pair  cable,  153  com- 
binations in  an  18  pair  cable,  300  combinations  in  a  25  pair  cable,  etc. 
Because  of  this  large  volume,  m-s  values  have  been  quantified  and  charts 
developed  for  span  line  engineering.  The  mean  value  is  the  arithmetic 
average  of  the  near  end  crosstalk  couplings  of  all  of  the  individual 
combinations,  and  is  identified  as  m.  The  deviation  of  this  distribution 
of  individial  values  is  calculated  by  standard  statistical  methods  (Figure 
15).  One  standard  deviation  (s  or  sigma)  is  the  range  from  the  mean  value 
of  a  "normal  distribution"  which  encompasses  34  percent  of  the  observations 
of  the  statistical  sample.  Emphasis  is  placed  on  the  "poorer"  values 
of  crosstalk  coupling.  A  total  of  84  percent  of  the  combinations  are 
likely  to  be  "better"  than  the  statistical  m-s  value  and  16  percent  are 
likely  to  be  "poorer".  These  low  (poor)  values  of  NEXT  primarily  contribute 
toward  the  total  interference  into  other  digital  transmission  systems  in 
the  same  cable. 

4.3.4  From  the  basic  research  by  the  Bell  System,  the  statistical 
characteristics  of  cable  were  summarized.  With  emphasis  on 

simplicity,  charts  were  developed  to  determine  span  line  maximum  repeater 
spacings  based  primarily  on  cable  NEXT  and  attenuation  (engineering  loss). 
Similar  charts  are  used  by  the  entire  telephone  industry.  In  1968,  REA 
and  independent  cable  manufacturers  verified  that  cable  from  non  Western 
Electric  sources  displayed  similar  statistical  NEXT  characteristics. 
Later  REA  cable  specifications  included  772  kHz  NEXT  and  attenuation 
requirements  to  assure  satisfactory  performance  of  Tl  type  digital  systems. 

4.3.5  Minor  variations  generally  exist  in  published  engineering  data. ^ 
These  differences  in  data  cause  confusion;  but  a  close  examination 

will  often  indicate  that  the  effects  of  these  data  differences  are  minimal. 
The  data  for  NEXT  in  Figure  20  and  engineering  loss  in  Figure  22  are 
representative  of  telephone  cable  characteristics. 


# 
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4.3.6  In  1969,  an  improved  cable  for  digital  transmission  systems  was 

developed  by  Superior  Cable  Corporation  and  Continental  Telephone 
Laboratories.  The  new  cable  contained  a  metal  tape  between  compartments 
within  the  cable  to  improve  the  NEXT  isolation.  This  cable  construction 
was  called  a  T  Screen  cable.  It  was  called  a  screen  because  it  provided 
additional  crosstalk  isolation  over  a  standard  (non  screened)  cable.  But 
It  did  not  provide  the  complete  isolation  of  completely  shielded  units 
within  a  cable,  or  provided  by  two  separate  cables.  It  did  provide  the 
isolation  required  so  that  the  Tl  span  line  engineering  guidelines  for 
separate  cables  could  be  followed.  This  economical  approach  to  cable 
manufacturing  for  digital  transmission  system  application  was  adopted  by 
other  cable  manufacturers.  A  series  of  improvements  followed  and  resulted 
in  additional  crosstalk  isolation  for  higher  density  digital  systems.  A 
variety  of  these  cable  types  are  now  available.  Engineers  should  review 
the  published  crosstalk  data  for  applications  above  the  DSl  rate. 

^•^  Cable  Construction:  Examples  of  non  screened  cable  construction 
are  shown  in  Figure  16.  Other  cable  construction  types  exist, 
but  those  shown  in  Figure  16  are  representative  of  the  plastic  insulated 
conductor  cables  used  by  rural  telephone  companies.  A  brief  review  of 
cable  construction  types  will  aid  in  understanding  and  utilizing  the  span 
line  engineering  charts.  Cables  manufacturered  by  independent  manufacturers 
are  generally  in  layers  of  cable  pairs  to  form  units.  Cable  sizes  of  25 
pairs  or  less  are  generally  constructed  in  layers  to  form  a  single  unit. 
Cable  sizes  above  25  pairs  are  generally  constructed  in  units  of  12  or 
more  pairs  each.  A  25  pair  cable  might  be  constructed  in  three  units 
of  8,  8  and  9  pairs;  but  it  is  much  more  likely  to  be  layer  construction 
to  form  a  single  25  pair  unit.  Figure  20  shows  typical  m-s  crosstalk 
values  in  common  use  for  exchange  type  PIC  cables.  Within  unit  values 
are  given  from  6  pair  to  25  pair  units.  Adjacent  unit  and  non  adjacent 
unit  values  are  also  given.  A  unit  is  considered  to  be  adjacent  if  the 
dividing  line  touches  in  any  way.  For  example,  all  units  within  a  50 
pair  cable  (Figure  16)  are  considered  adjacent;  however,  greater  crosstalk 
isolation  is  expected  between  opposite  units  (1-12  versus  26-37)  than  in 
close  adjacent  units  (1-12  versus  13-25).  Non  adjacent  units  provide 
much  greater  crosstalk  isolation  than  adjacent  units,  regardless  of  cable 
size. 


4.4.1  Examples  of  screened  cable  construction  are  shown  in  Figure  17. 
This  construction  is  much  the  same  as  non  screened  cables  except 

that  a  metal  "screen"  divides  the  cable  core  into  two  separate  compartments. 
Consecutive  pair  numbers  are  maintained  on  each  side  of  the  screen  with 
the  lower  numbers  on  one  side  and  higher  numbers  on  the  other  side.  This 
tends  to  encourage  the  use  of  symetrical  compartment  halves.  Thus,  the 
screened  cables  may  contain  a  different  makeup  of  units  that  non  screened 
cables  of  the  same  size. 

4.4.2  Screened  cables  meeting  the  requirements  of  REA  cable  specifications 
provide  for  100  percent  utilization  of  cable  pairs  for  Tl  type 

span  lines  at  maximum  repeater  spacing.  The  screen  provides  the  necessary 
crosstalk  isolation  so  that  calculations  for  NEXT  are  unnecessary  in  span 
line  application  engineering.  Figure  18  shows  several  types  of  screen  in 
use.  All  are  designed  to  meet  Tl  span  line  requirements.  Extended  screens 
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and  D  screens  provide  additional  crosstalk  isolation  over  that  of  the 
original  T  Screen.  Cables  with  integrated  shields  and  screens  provide 
more  crosstalk  isolation  than  separate  ungrounded  screens.  Cables  with 
integrated  shields  and  screens  are  intended  for  higher  bit  rate  span 
lines  such  as  TIC. 

4.5  Cable  Selection:  Where  new  cable  routes  are  being  constructed  for 

the  exclusive  use  of  digital  transmission  systems,  the  use  of  filled 
core,  screened  buried  cables  is  recommended.  In  the  case  of  new  construction, 
a  review  of  long  term  projected  needs  and  service  may  warrant  consideration 
of  improved  cables  that  will  support  higher  density  digital  systems  such 
as  TIC.  In  rural  areas,  most  digital  systems  are  applied  to  existing 
cables  or  new  cables  with  a  mixture  of  voice  frequency  and  carrier  system 
application.  Thus,  digital  system  application  may  be  a  secondary  con- 
sideration in  the  selection  of  new  cables.  In  the  case  of  existing  cables, 
it  becomes  a  matter  of  making  the  best  use  of  what  is  available.  For 
long  term  stability  the  use  of  filled  buried  cables  for  digital  system 
application  is  highly  recommended. 


4.5.1  New  Cables:  Where  new  cables  are  bein 
that  screened  cables  be  considered  for 
routes  that  are  candidates  for  digital  system 
A  review  of  current  technology  trends  leads  to 
backbone  cable  routes  are  candidates  for  digit 
incremental  cost  differential  between  screened 
the  25  to  100  pair  sizes  could  be  further  just 
become  cost  effective  at  the  subscriber  level. 
100  pairs  and  larger  may  provide  for  a  limited 
to  be  applied  to  non  adjacent  cable  units  with 
depending  on  the  core  construction.) 


q  installed,  it  is  recommended 
all  trunk  and  subscriber 

application  in  the  future, 
the  conclusion  that  all 

al  system  apoli cation.  The 
and  non  screened  cables  in 

ified  as  digital  services 
(Non  screened  cables  of 
number  of  digital  systems 
reasonable  NEXT  isolation. 


4.5.2  Existing  Cables:  Options  for  selection  are  limited  with  existing 
cables.  The  primary  objectives  are  to  select  cables  and  pairs 

or  units  in  cables  to  maximize  repeater  spacing  and  minimize  problems 
from  moisture  and  NEXT.  Where  two  cables  exist  along  a  route,  it  may 
be  practical  to  use  both  cables  to  eliminate  NEXT  effects.  Where  dissimilar 
cables  have  been  installed  along  subscriber  routes,  it  may  be  impractical 
or  undesirable  to  use  both  cables.  Examples  are  air  core  versus  filled, 
age  differences,  gauge  differences,  different  pedestal  access  points,  and 
possible  splicing  problems. 

4.5.3  Pair  and  Unit  Selection:  The  selection  of  cable  pairs  and  cable 
units  is  directed  toward  the  reduction  of  near  end  crosstalk 

between  transmit  and  receive  pairs.  (This  is  in  contrast  to  far  end 
crosstalk  as  the  primary  consideration  for  analog  carrier  application.) 
The  selection  of  pairs  and  units  is  done  to  separate  high  level  signals 
from  low  level  signals.  The  use  of  electrical  barriers  such  as  separating 
shields  and  screens  provide  adequate  NEXT  isolation  for  maximum  repeater 
spacing.  Where  electrical  barriers  are  not  provided,  physical  separation 
of  pairs  becomes  a  primary  factor  to  provide  NEXT  isolation.  (The  judicious 


• 


• 
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selection  of  differing  pair  twist  lengths  is  used  in  the  manufacture  of 
cable  to  improve  crosstalk  isolation  of  pairs  that  are  in  close 
proximity.) 


4.5.3.1  Figure  19  illustrates  the  selection  of  c 

units  to  minimize  the  effects  of  NEXT, 
and  smaller  are  generally  constructed  as  one  unit 
Thus,  the  two  directions  of  transmission  must  be  p 
unit.  Repeater  spacing  must  be  reduced  to  offset 
It  is  not  possible  to  provide  physical  separation 
of  the  pairs  are  used  for  digital  systems.  Where 
systems  (i.e.,  4  or  5  systems)  are  applied  within 
NEXT  improvement  may  be  obtained  by  selecting  pair 
possible  (Figure  19A).  Adjacent  units  offer  some 
that  of  transmit  and  receive  pairs  within  the  same 
For  larger  cables,  non  adjacent  units  should  be  se 
transmit  and  receive  directions  whenever  possible 
optimum  NEXT  isolation  is  provided  by  separate  cab 
cables  to  separate  transmission  directions  (Figure 

4.5.3.2 


able  pairs  and  cable 
Cables  of  25  pair 
in  these  small  cables, 
laced  within  the  same 
the  effects  of  NEXT, 
where  a  large  number 
only  a  small  number  of 
a  25  pair  cable,  some 
s  separated  as  far  as 
NEXT  improvement  over 

unit  (Figure  19B). 
lected  to  separate 
(Figure  19C).  The 
les  or  by  screened 

19D). 


High 
same 


Splicing  to  digital  repeater  housing  cable  stubs  can  be 
confusing.  Remember  that  the  objective  is  to  separate  high 
levels  from  low  levels--and  not  necessarily  separate  east  from  west, 
levels  (repeater  output)  within  the  repeater  cable  stub  may  be  in  the 
unit  for  both  east  and  west  directions.  Repeater  housing  cable  stubs 
consisting  of  two  cables,  each  screened,  provide  for  four  isolated 
compartments  to  minimize  confusion.  One  cable  stub  can  be  spliced  to 
the  "east"  cable  and  the  other  spliced  to  the  "west"  cable  with  screens 
to  separate  high  and  low  levels. 

^•5.4  Pair  Quantities:  The  following  discussion  illustrates  the  cable 
pair  requirements  for  digital  transmission  systems  and  for 
maintenance.  All  present  and  projected  future  span  line  requirements  must 
be  included  in  repeater  spacing  calculations.  This  includes  spare  span 
lines  as  well  as  main  span  lines  with  traffic. 

4.5.4.1  Maintenance  pairs  for  interrogation  and  order  wire  (voice 
frequency  pairs)  may  be  assigned  at  random,  and  are  not  included 

in  repeater  spacing  calculations.  The  illustrations  will  indicate  only 
one  pair  for  interrogation.  Additional  pairs  may  be  necessary  because 
of  system  length,  or  because  of  route  junctions  and  other  factors. 

4.5.4.2  Two  cable  pairs  (one  transmit  and  one  receive)  are  required 
for  each  main  and  each  spare  span  line,  one  pair  for  order 

wire,  and  one  pair  (or  more)  for  interrogation.  (A  spare  span  line  is 
recommended  for  trunk  systems  and  where  48  or  more  subscribers  are  affected 
by  a  failure  on  the  main  span  line.)  The  following  chart  illustrates 
the  pair  requirements  for  24  channel  systems  without  spare  span  lines  and 
with  one  spare  span  line  along  the  route. 
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Systems 

Tx  &  Rec 

1 

2 

2 

4 

3 

6 

4 

8 

5 

10 

6 

12 

10 

20 

0.  w, 


Total  Pairs 


Inter* 

No  Spare 

One  Spare 

1* 

4 

6 

1* 

6 

8 

1* 

8 

10 

1* 

10 

12 

1* 

12 

14 

1* 

14 

16 

1* 

22 

24 

m 


*Note:  More  pairs  may  be  required. 

The  "get  started"  costs  in  terms  of  cable  pair  requirements  are  high 
for  digital  systems  when  order  wire,  interrogation  and  spare  span 
lines  are  included.  Six  or  more  pairs  are  generally  required  to  place 
the  first  24  channel  system  in  service.  This  is  a  circuit  to  cable 
pair  ratio  of  4.  For  10  systems  or  240  channels,  the  ratio  improves 
to  10.  For  "skinny"  route  subscriber  systems,  the  necessity  for  spare 
span  lines  may  be  questionable. 

4.5.4.3  When  digital  span  lines  are  used  for  the  transmission  path 

between  digital  central  offices  and  remote  switches,  or  between 
the  office  and  subscriber  end  of  digital  subscriber  line  concentrators, 
spare  span  lines  may  not  be  required.  For  a  decision  to  be  made,  certain 
technical  characteristics  of  these  systems  must  be  known.  Many  digital 
remote  switches  and  concentrators  are  designed  for  a  minimum  of  two 
span  lines  with  the  capability  of  shifting  traffic  to  the  remaining 
span  line  when  one  fails.  Traffic  capacity  will  be  degraded  during  the 
failed  condition,  but  service  will  be  maintained.  Some  systems  may 
require  spare  span  lines  and  perhaps  external  automatic  protection 
switching  to  maintain  a  link  between  all  subscribers  served  by  a  remote 
switch  or  concentrator. 


# 


5.  REPEATER  SPACING  GUIDELINES 

5.1  The  following  are  guidelines  for  Tl  type  span  line  repeater  spacing 
for  voice  service  only.  The  requirements  for  digital  data  service 
(DOS)  and  higher  density  span  lines  are  more  severe.  Refer  to  paragraph 
7.7  for  information  on  48  channel  span  lines.  These  guidelines  are  based 
on  the  assumption  that  the  cable  has  been  tested  and  found  to  be  satis- 
factory for  digital  span  lines  service.  Certain  limitations  outlined  in 
Paragraph  4  must  be  considered  when  the  guidelines  are  applied. 

5.1.1  Repeater  spacing  guidelines  generally  cover  three  basic  areas. 

They  are  near  end  crosstalk  (NEXT),  end  sections  and  route 
junctions.  NEXT  must  be  considered  for  all  cable  sections,  but  is  a 
primary  concern  for  cable  sections  between  repeaters.  End  sections  that 
are  subjected  to  switching  noise  are  subject  to  further  limitations. 
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Route  junctions  that  cause  level  differences  must  also  be  considered. 
The  minimum  repeater  section  loss  is  normally  9  dB.  The  minimum  section 
loss  for  end  sections  can  be  shorter  than  9  dB  by  using  the  attenuator 
and  equalizer  pads  in  the  span  terminating  equipment. 


5.2  General  Recommend 
based 


are  based  on  the 
loss  at  772  kHz  at  the 
140OF  for  aerial  cable) 
between  repeaters  is  33 
(Note  the  discussion  in 
some  margin  included  fo 
other  factors.  However 
engineered  for  slightly 
reasons. 


ations:  The  following  repeater  spacing  guidelines 


use  of  engineering  charts  to  determine  the  maximum 
highest  temperature  (100°  for  buried  cable  or 
.  The  maximum  section  loss  (normal  cable  average) 
.5  dB  and  the  maximum  end  section  loss  is  23  dB. 

paragraph  4.2.1  on  full  end  sections.)  There  is 
r  statistical  variations  in  cable  parameters  and 
,  it  is  recommended  that  repeater  sections  be 

less  than  33.5  dB  and  23  dB  for  the  following 


a.  Cable  pair  loss  should  be  verified  by  measurement  at 
772  kHz  if  engineered  for  33.5  dB. 

b.  In  the  evolution  of  digital  systems  in  telephony,  it  is 
highly  probable  that  systems  will  exceed  three  spans  in 
tandem. 

c.  There  is  a  possibility  that  higher  density  span  line  equip- 
ment will  be  considered  for  future  application  (i.e., 
duobinary  or  ternary  system-.). 

d.  Road  moves  and  other  unplanned  changes  may  increase  the 
loss  of  some  sections. 

e.  Digital  subscriber  systems  require  additional  consideration. 

5.2.1  Between  Repeaters:  It  is  recommended  that  the  maximum  spacing 
between  repeaters  be  limited  to  no  more  than  31  or  32  dB.  If 

higher  density  systems  are  being  considered  for  future  use,  more  margin 
may  be  necessary. 

5.2.2  CO  End  Sections;  It  is  recommended  that  the  first  repeater  from 
the  central  office  be  located  at  the  first  loading  coil  point 

(2250  or  3000  feet).  This  will  provide  margin  for  the  future. 

5.2.3  Subscriber  End  Sections:  Subscriber  terminal  locations  are 
generally  treated  the  same  as  central  offices.  If  it  is 

practical,  engineer  the  subscriber  terminal  end  sections  the  same  as 
CO  end  sections;  that  is,  locate  the  first  repeater  about  2250  to  3000 
feet  from  the  terminal.  If  that  is  not  practical,  engineer  the  subscriber 
end  section  to  no  more  than  23  dB,  recognizing  that  these  may  have  to 
be  reconsidered  later. 
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5.3  Maximum  Repeater  Spacing:  The  charts  in  Figure  20,  21  and  22 

are  used  to  determine  the  maximum  repeater  spacing  for  one  cable 
operation.  For  two  cable  or  screened  cable  operation,  use  the  chart 
in  Figure  22  only  (omit  Figure  20  and  21)  and  engineer  to  a  maximum  of 
33.5  dB. 

5.3.1  From  Figure  20,  determine  the  m-s  near  end  crosstalk  (NEXT) 
coupling  loss  for  each  different  type  of  cable  used  in  the 
span  line.  Find  the  m-s  crosstalk  value  that  corresponds  to  each  cable 
construction  type.  Repeat  this  procedure  for  each  span  section  of 
different  cable  construction.  Note:  Where  several  cable  sizes  and  gauges 
are  encountered  in  any  one  repeater  section,  the  lowest  m-s  crosstalk 
value  is  used  to  determine  that  cable  section  length. 


# 


5.3.2  From  F 
Enter 
systems  ("N") 
it  crosses  the 
intersect  poin 
mum  repeater  s 
of  different  c 
important  to  e 
the  number  inc 
lines;  that  is 


igure 


21 ,  determine  the 


maximum  repeater  spacing  in  dB. 
the  chart  at  the  bottom  for  the  number  of  span  lines  or 
in  that  cable  section.  Follow  the  vertical  line  until 
m-s  crosstalk  value  determined  from  Figure  20.  At  the 
t,  follow  the  horizontal  line  to  the  left.  Read  the  maxi- 
pacing  in  dB.  Repeat  this  procedure  for  each  span  section 
able  construction  or  different  number  of  systems.  It  is 
stimate  the  ultimate  maximum  number  of  systems  because  as 
reases,  the  repeater  spacing  decreases.  Count  all  span 
,  include  all  main  plus  spare  span  lines. 


5.3.3  From  Figure  22,  determine  the  maximum  repeater  spacing  in 
length.  For  buried  cable,  use  the  engineering  loss  values  at 

100°F;  for  aerial  cable  use  the  values  at  140°F.  Divide  the  maximum  dB 
loss  value  determined  from  Figure  21  by  the  engineering  loss  value  for 
the  appropriate  cable  gauge  and  type  found  in  Figure  22.  The  result 
is  the  maximum  repeater  spacing  length  in  kilofeet. 

5.3.4  Remember  to  limit  end  sections  to  a  maximum  of  23  dB.  No  section 
should  be  less  than  9  dB  loss.  For  existing  cable  routes, 

repeaters  will  likely  be  placed  at  existing  access  points  such  as  loading 
points  or  existing  pedestal  locations.  Repeater  locations  should  be 
chosen  for  easy  access  and  clearance  for  maintenance  activities. 

5.4  Route  Junctions:  Attention  must  be  given  to  the  location  of 
repeaters  at  or  near  route  junctions  so  that  undesirable  level 
differences  are  controlled.  If  it  is  practical,  it  is  recommended  that 
a  repeater  location  be  established  at  each  route  junction.  This  simplifies 
the  engineering  because  each  section  from  the  junction  can  then  be  engineered 
separately  without  regard  to  the  sections  in  other  directions.  With  the 
small  system  sizes  in  rural  areas,  it  is  generally  practical  to  locate 
repeaters  at  each  junction. 


# 
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5.4.1  Figure  23  shows  common  route  junction  considerations.  The  ideal 
solution  is  to  establish  a  repeater  location  at  route  junctions 
(Figure  23A).  Where  this  cannot  be  done,  repeaters  in  each  section 
located  at  equal  distances  (in  dB  loss)  from  the  junction  will  accomplish 
the  same  objective.  The  determination  of  repeater  locations  for  route 
junctions  other  than  a  repeater  at  the  junction  or  equally  spaced  re- 
peaters from  the  junction  can  become  involved.  This  complexity  is 
caused  by  the  very  large  combinations  of  cable  construction  types  and  span 
line  quantities  that  can  exist  in  system  applications.  Shorter  repeater 
sections  will  improve  the  signal-to-noise  caused  by  NEXT  in  one  cable 
operation,  but  will  not  improve  the  FEXT  effects.  The  following  are 
brief  guidelines  on  route  junctions  to  avoid  the  necessity  of  detailed 
calculations. 


5.4.2  One  Location:  Where  direct  servi 
(Figure  23B),  the  first  repeater 
A  is  the  controlling  factor  since  it  is  c 
repeater  location  from  the  junction  to  th 
be  nearly  equal  in  loss  to  that  from  the 
and  the  normal  rules  concerning  maximum  1 
satisfied.  The  location  of  the  repeater 
repeaters  toward  B  and  C,  so  long  as  the 
repeaters  is  nearly  equal. 


ce  to  one  location  is  involved 
back  from  the  junction  toward 
ommon  to  both  systems.  The 
e  first  repeater  toward  B  must 
junction  to  repeater  toward  C; 
OSS  between  repeaters  must  be 
toward  A  is  independent  of  the 
section  loss  between  these 


5.4.3  Multiple  Locations:  Because  of  the  additional  complications 

involved  in  calculations  for  this  arrangement,  a  simple  recom- 
mendation is  made.  Every  attempt  should  be  made  to  establish  a  repeater 
location  at  the  junction.  If  this  cannot  be  accomplished,  repeater 
locations  should  be  established  at  nearly  equal  distances  (in  dB  loss) 
from  the  junction  in  each  section  (Figure  23C). 

5.5  Repeater  Spacing  Examples:  The  following  are  typical  examples  of 
calculations  for  Tl  type  span  line  maximum  repeater  spacing.  The 
charts  in  Figures  20,  21  and  22  are  referenced. 


5.5.1  Calculate  the  maximum  repeater  spacing  for  4  main 
plus  one  spare  span  line  (5  systems)  applied  to  a 
filled  25  pair  22  gauge  cable  (BJF  25-22). 


span  lines 
buried 


Step  1 :  Figure  20:  22  gauge,  transmit  and  receive  within  same  25  pairs 

NEXT  (m-s)  =  63  dB.  (Transmit  and  receive  pairs  should  be  separated  if 
practical .) 

Step  2:  Figure  21:  5  systems,  63  dB  (m-s)  NEXT:  Maximum  loss  =  24  dB. 

Step  3:  Figure  22:  22  BJF  =  4.19  dB/kF  (100°  for  buried  cable). 

Maximum  length  =  max  loss  i  dB/kF  =  24  t  4.19  =  5.73  kF 
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Step  4:  Figure  22:  End  sections  must  be  limited  to  23  dB 


maximum. 


Maximum  length  =  23  f  4.19  =  5.49  kF  (It  is  suggested  that  the  first 
repeater  from  a  central  office  be  placed  at  the  first  loading  point 
for  additional  margin.) 

5.5.2  Calculate  the  maximum  repeater  spacing  for  9  main  span  lines 
plus  one  spare  span  line  (10  systems)  applied  to  a  buried  filled 

50  pair  24  gauge  cable  (BJF  50-24). 

Step  1 :  Figure  20:  24  gauge,  transmit  and  receive  in  adjacent  12  or 
13  pair  units:  NEXT  (m-s)  =  69  dB. 

Step  2:  Figure  21:  10  systems,  69  dB  (m-s)  NEXT:  Maximum  loss  =  27  dB. 

Step  3:  Figure  22:  24  BJF  =  5.17  dB/kF  (100°  for  buried  cable).  Maximum 
length  =  max  loss  -j  dB/kF  =  27  t  5.17  =  5.22  kF. 

Step  4:  Figure  22:  End  sections  must  be  limited  to  23  dB  maximum 
(preferably  shorter).  Maximum  length  =  23  t  5.17  =  4.45  kF. 

5.5.3  Calculate  the  maximum  repeater  spacing  for  9  main  span  lines  plus 
one  spare  span  line  (10  systems)  applied  to  a  buried  filled 

screened  25  pair  22  gauge  cable  (BJF  25-22H). 

Step  1 :  Figure  22:  Screened  cables  can  be  treated  as  two  cables.  The 
maximum  loss  is  33.5  dB  at  100°F.  22  BJF  =  4.19  dB/kF  at  lOO^F.  Maximum 
length  =  33.5  :■  4.19  =  8.00  kF.  (Margin  is  recommended.) 

Step  2:  Figure  22:  End  sections  must  be  limited  to  23  dB  maximum  (preferably 
shorter).  Maximum  length  =  23  t  4.19  =  5.49  kF. 

6.  SPAN  POWER  CONSIDERATIONS 

6.1  Span  line  power  is  generally  provided  in  combinations  of  -48  or 

-130  volts  and  +130  volts.  These  provide  48,  140,  178  or  260  volts 
(sometimes  higher)  for  the  span  line.  The  calculation  for  the  required 
span  line  voltage  becomes  a  simple  matter  of  adding  up  the  voltage  drops 
or  equivalent  resistances  due  to  (a)  span  power  regulator,  (b)  office  and 
line  repeaters,  and  (c)  cable  pairs.  The  repeaters  may  require  from 
60  mA  to  140  mA,  depending  on  the  specific  repeater  and  application. 

6.1.1  Figure  24  contains  typical  characteristics  of  span  line  power 
components.  An  attempt  has  been  made  to  approximate  span  line 
equipment  and  cable  characteristics.  These  values  can  be  used  to 
estimate  the  required  span  line  power.  A  final  determination  should  be 
made  based  on  the  specific  equipment  from  the  manufacturer's  published 
charts. 
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6.1.2  Each  of  the  elements  are  considered  separately,  and  then  combined 
to  determine  the  powering  voltage  requirements.  The  span 

terminating  unit  contains  a  power  supply,  a  current  regulator,  and  an  office 
repeater.  The  current  regulator  is  actually  a  current  regulator  in  one 
line  side  and  a  current  limiter  in  the  other  line  side.  For  the  sake  of 
discussion,  about  10  volts  is  dropped  across  each,  or  20  volts  total.  The 
office  repeater  requires  approximately  10  additional  volts.  Thus,  30 
volts  is  required  for  the  span  terminating  equipment.  (Mote:  The  office 
repeater  could  be  powered  separately,  but  it  is  more  common  to  include  it 
in  the  line  repeater  simplex  loop  for  economic  reasons.)  This  30  volts 
has  been  converted  into  resistance  equivalent  values  at  60,  100,  and  140 
mA  in  Figure  24A.  The  line  repeaters  require  a  voltage  drop  of  9.5,  10.0 
and  10.5  volts  at  60,  100  and  140  volts,  respectively.  This  is  shown  as 
158,  100,  and  75  ohms  in  Figure  24A.  Where  the  power  is  provided  at  one 
end  only,  include  resistance  value  for  the  span  termination  unit  at  the 
distance  office  without  power.  The  above  values  would  apply  at  100°F  or 
140OF  because  the  derived  values  are  primarily  determined  by  a  voltage  drop. 
Cable  resistance  is  affected  by  temperature.  Figure  24B  shows  cable  re- 
sistance at  100°F  and  140°F.  The  values  shown  are  simplex  loop  values  in 
common  use  in  digital  carrier  applications.  The  loop  resistance  values  in 
TE&CM  Section  406  are  slightly  different,  but  could  be  used  by  dividing 
the  loop  resistance  by  two  and  correcting  for  temperature.  (The  simplex 
loop  resistance  for  the  two  pairs  is  one-half  that  of  a  one  pair  loop.) 
Figure  24C  shows  the  maximum  equivalent  simplex  loop  resistances  for 
corresponding  span  power  voltages. 

6.1.3  Span  power  is  fed  on  a  simplex  basis  over  the  span  line  transmit 
pair  out  to  a  looping  point  and  returns  on  the  receive  pair. 

When  the  span  line  is  powered  from  both  ends,  the  looping  point  is 
generally  chosen  to  be  at  the  exchange  boundary,  or  near  the  midpoint 
between  the  two  powering  locations.  If  span  power  is  required  at  only 
one  end,  looping  is  accomplished  in  the  span  terminating  equipment  at 
the  distant  end.  Note  that  current  is  in  all  sections  of  cable  and  equip- 
ment. This  provides  a  "sealing  current"  for  more  reliable  operation. 

6.2  Span  Power  Example:  The  following  is  a  typical  calculation  for 

span  power  for  a  buried  cable  trunk  route.  The  trunk  route  is 
approximately  18  miles  long  and  consists  of  18  line  repeaters  over  15  kF 
of  24  gauge  cable  and  80  kF  of  22  gauge  cable.  The  simplex  current 
is  to  be  100  mA;  a  calculation  will  first  be  made  to  determine  if  the 
system  can  be  powered  from  one  end  only.  (See  Figure  24  for  typical 
equivalent  resistance  values  for  equipment  and  cable.) 

15  kF  24  gauge  (100°F) 
18  kF  22  gauge  (lOOOF) 
18  Line  Repeaters 
1  Span  Term  (W/Power) 
1  Span  Term  (No  Power) 


15  X  26.8  = 

402  Ohms 

80  X  16.8  = 

1344 

18  X  100  = 

1800 

1  X  300  = 

300 

1  X  140  = 

140 

isistance  = 

3986  Ohms 
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The  equivalent  resistance  of  3986  ohms  exceeds  the  3080  ohm  maximum  shown 
in  Figure  24  for  powering  from  one  end.  A  calculation  is  now  made  to 
determine  the  span  power  requirements  when  powered  from  both  ends. 


15  kF  24  gauge  (IOQOF) 
80  kF  22  gauge  (100°F) 
18  Line  Repeaters 
2  Span  Term  (W/Power) 


15 

X 

26.8 

= 

402 

80 

X 

16.8 

= 

1344 

18 

X 

100 

= 

1800 

2 

X 

300 

= 

600 

Ohms 


4146  Ohms 


The  span  power  voltage  should  be  set  at  +130  and  -130  volts  at  one  end. 
The  distant  end  should  be  set  at  +48  and  -130  volts  or  +130  and  -130 
volts  depending  on  the  exact  looping  point  and  desired  margin  in  span 
power  current. 


7.  RECOMMENDATIONS 


7.1 


Recommendations  on  the  engi 
mission  systems,  ancillary 
along  with  the  general  discussion 
parts  of  Paragraph  5.  The  key  po 
briefly  summarized  here,  along  wi 
digital  transmission  systems.  Al 
line  unless  noted  otherwise.  Bri 
channel  span  lines  are  outlined  i 


neering  and  selection  of  digital  trans- 
hardware  and  cables  have  been  included 
of  these  items  in  Paragraph  4.5  and 
ints  from  those  recommendations  are 
th  other  general  recommendations  on 
1  recommendations  refer  to  Tl  type  span 
ef  recommendations  on  TIC  and  other  48 
n  paragraph  7.7. 


7.2  General :  Digi 
for  trunk  and 
Lower  density  digita 
level  can  easily  and 
provide  a  wide  array 
evolve.  Because  of 
munications  systems 
Digital  span  lines  s 
present  service  need 
needs  to  the  extent 


tal  span  lines  are  expected  to  form  the  backbone  plant 
subscriber  service  in  rural  areas  during  this  decade. 
1  systems  applied  to  paired  cable  at  the  exchange 
economically  be  connected  into  the  trunk  network  to 
of  digital  services  as  these  systems  and  services 
the  expected  impact  of  digital  technology  on  com- 
and  services,  planning  for  the  future  is  recommended, 
hould  be  established  to  provide  for  the  well  defined 
s,  but  also  provide  for  future,  less  defined  service 
economical  and  practical. 


7.2.1  Perhaps  the  most  crucial  economic 
retaining  existing  cables  for  digi 
lation  of  new  facilities.  A  major  factor 
estimated  timetable  for  future  service  nee 
timetable  for  technology  evolution.  Optic 
economically  practical  at  rates  below  the 
the  future,  perhaps  even  DS2  (96  channels) 
installed  for  digital  span  lines,  the  poss 
bit  rate  systems  such  as  TIC  should  be  con 
highly  advantageous  to  use  existing  cables 
extent  practical  until  these  emerging  tech 


decision  is  the  choice  between 
tal  systems,  or  the  instal- 
in  this  determination  is  the 
ds  versus  the  estimated 
al  fiber  systems  may  become 
DS3  level  (672  channels)  in 

or  lower.  If  new  cables  are 
ible  future  use  of  higher 
sidered.  However,  it  may  be 

and  existing  technology  to  the 
nologies  are  better  defined. 
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7.2.2  The  Tl  type  span  lines  in  widespread  use  today  can  be  mixed  in 
cables  with  analog  station  carrier.  This  is  because  of  their 
dissimilar  power  versus  frequency  characteristics.  The  low  density  analog 
station  carrier  and  the  more  sophisticated  digital  carrier  have  their 
unique  application  advantages  for  subscriber  service.  The  ability  to 
use  both  types  in  the  same  cable  also  provides  for  an  orderly  transition 
from  analog  to  digital  systems  along  a  cable  route,  if  and  when  the 
need  exists.  Lower  bit  rate  digital  systems  are  expected  to  be  used 
for  subscriber  service  in  the  future.  Lower  bit  rate  systems  (below 
1.544  Mb/s)  have  the  potential  of  causing  interference  into  analog 
station  carrier  applied  to  the  same  cable.  The  implementation  of  low 
bit  rate  systems  along  routes  with  station  carrier  must  be  well  planned 
to  avoid  premature  obsolescence  of  equipment. 

7.3  Cable  Recommendations:  The  following  summarizes  recommendations 
for  the  selection  of  new  cables,  the  use  of  existing  cables,  and 
the  selection  of  units  and  pairs  within  the  cable. 

7.3.1  New  Cable:  Where  new  cable  routes  are  being  constructed  for 


the 

filled  core, 
be  given  to 
higher  densi 
being  instal 
should  be  gi 
in  the  small 
pair  range) 


exclusive  use  of  digital  transmission  systems,  the  use  of 
screened  buried  cable  is  recommended.  Consideration  should 
selecting  cables  with  improved  characteristics  for  applying 
ty  systems  such  as  TIC.  Where  new  multipurpose  cables  are 
led,  filled  core  buried  cable  is  recommended;  consideration 
ven  to  using  screened  cable  for  backbone  plant,  especially 
er  sizes  lacking  non  adjacent  units  (generally  the  25  to  100 


ry   for 
cables  of 
cables  for 
'zes. 


maximum  NEXT  isolation  between  transmit  and  receive  pairs  as 
illustrated  in  Figure  19.  For  screened  cables  (Figure  19D),  the  transmit 
and  receive  pairs  are  isolated  by  the  screen.  For  non  screened  cables, 
isolation  is  provided  by  physical  separation.  Non  adjacent  units  (Figure 
19C)  are  best  and  adjacent  units  (Figure  19B)  are  second  best.  Where 
transmit  and  receive  pairs  must  exist  within  a  unit,  physical  separation 
between  transmit  and  receive  pairs  is  suggested  to  the  extent  practical 
(Figure  19A). 


7.3.4  Re£ 
bur 
by  NEXT,  th 
23  dB  for  e 
the  spacing 
and  that  th 
loading  poi 
spacing,  th 
to  be  used 


eater  Spacing:  Repeater  spacing  is  determined  at  100°F  for 
ied  cable  and  140°F  for  aerial  cable.  Except  where  limited 
e  maximum  repeater  spacing  is  33.5  dB  between  repeaters  and 
nd  sections.  To  provide  future  margin,  it  is  recommended  that 
between  repeaters  be  limited  to  no  more  than  31  or  32  dB, 
e  first  repeater  from  the  central  office  be  placed  at  the  first 
nt  (2250  or  3000  feet).  Where  NEXT  is  a  factor  in  repeater 
e  spacing  is  determined  based  on  the  ultimate  system  quantities 
in  the  future. 
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7.4  Mixed  Digital  and  Analog:  In  general,  digital  carrier  and  com- 
pandored  analog  station  carrier  can  be  applied  within  the  same 
cable.   (All  multichannel  station  carrier  utilize  compandors  to  meet 
the  noise  requirements  of  REA  specifications.  One-channel  types  may 
contain  compandors,  but  generally  do  not.) 

7.4.1  The  following  criteria  apply  to  the  mixing  of  digital  trunk 
and  subscriber  carrier  with  analog  station  carrier  in  small 
cables. 


A.  The  analog  station  carrier  systems  must  contain  full  range 
compandors  that  provide  approximately  25  to  30  dB  compandor 
advantage.  All  multichannel  station  carrier  systems  on 
REA's  List  of  Acceptable  Materials  now  meet  this  requirement. 

B.  The  digital  trunk  and  subscriber  carrier  systems  must  use 
an  encoding  that  limits  the  power  on  the  span  line  at 
frequencies  below  150  kHz.  All  D2,  D3  and  04  encoded  trunk 
and  subscriber  carrier  are  expected  to  meet  this  criterion. 
The  REA  List  of  Materials  now  contains  footnotes  in  the 
listing  of  digital  trunk  and  subscriber  carrier  systems 
concerning  these  compatibility  considerations. 

7.4.2  The  guidelines  above  are  based  on  digital  systems  transmitting 
random  bipolar  signals  of  1.544  Mb/s  or  higher;  or  transmitting 
repetitive  patterns  with  a  high  pulse  density  to  limit  the  power  below 
150  kHz.  Certain  digital  systems  may  transmit  pulse  streams  with 
bipolar  violations,  low  density  repetitive  patterns,  or  lower  bit  rates. 
Pulse  streams  with  these  characteristics  can  shift  the  power  to  a  lower 
frequency  and  cause  interference  with  analog  station  carrier  in  the 
same  cable.  The  effects  of  each  of  these  systems  must  be  evaluated 
before  mixing  in  cables  with  station  carrier.  Digital  span  lines  carrying 
traffic  between  digital  central  offices  and  remote  switches,  between 
digital  concentrator  terminals,  and  other  systems  can  generally  be  mixed 
in  cables  with  analog  station  carrier.  However,  each  system  should  be 
reviewed  to  confirmed  that  the  potential  for  interference  does  not  exist. 

7.5  Alternate  Paths:  Digital  transmission  systems  are  generally  \/ery 

reliable.  Additional  reliability  can  be  achieved  by  the  use  of 
alternate  paths  and  automatic  rerouting.  Factors  such  as  the  quantity 
of  subscribers  affected  by  failure  and  the  response  time  to  restore 
service  influence  decisions  on  the  need  for  and  the  degree  (quantity  or 
technique)  of  alternate  paths  required.  The  ultimate  is  to  provide 
alternate  routes  between  terminal  locations.  A  more  common  level  of 
alternate  paths  is  obtained  through  the  use  of  spare  span  lines  and 
automatic  protection  switches  (APS).  The  APS  function  may  be  included 
in  the  design  of  digital  offices,  remotes  and  concentrators.  Spare  span 
lines  and  APS  are  generally  recommended  for  trunk  systems  and  for  subscriber 
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systems  where  the  loss  of  a  span  line  affects  48  or  more  subscribers.  Where 
two  or  more  span  lines  share  traffic  and  the  loss  of  a  span  line  degrades 
traffic  but  does  not  isolate  an  office  or  area,  spare  span  lines  and  APS 
are  not  generally  recommended  except  for  unusual  circumstances. 

7.6  Equipment  Selection:  There  is  a  wide  variety  of  equipment  and 
hardware  available.  Since  the  specific  equipment  must  be  chosen 

to  satisfy  the  individual  circumstances  and  economics,  only  generalized 
suggestions  are  offered.  In  general,  it  is  recommended  that  equipment 
be  chosen  that  meet  industry  standards  for  compatibility.  This  encourages 
competition  and  provides  alternative  sources  for  the  purchase  of  systems 
and  hardware.  At  this  time,  the  economics  generally  favor  Tl  type  span 
lines,  especially  for  digital  subscriber  systems.  As  energy  costs 
increase,  more  attention  should  be  given  to  equipment  power  requirements. 
The  added  reliability  and  ease  of  maintenance  afforded  by  spare  span 
lines,  APS,  interrogation,  order  wire,  patching  jacks,  testing  jacks, 
and  other  ancillary  equipment  and  hardware  should  be  compared  to  the 
rising  maintenance  personnel  costs. 

7.6.1  Repeater  and  terminal  housings  can  constitute  a  large  investment. 
Repeater  housing  are  available  in  small  and  large  sizes, 
pressurized  and  vented  types,  and  with  various  cable  stub  types  and 
lengths.  When  pressure  type  housings  are  used,  they  should  be  vented 
unless  positive  pressure  is  maintained.  Water  can  build  up  inside 
housing  that  are  not  vented.  This  is  due  to  cyclic  temperatures  and 
restricted  air  flow.  Negative  pressure  can  bring  moisture  inside  the 
housing  but  positive  pressure  may  not  expel  1  the  trapped  water. 

7.7  Higher  Density  Span  Lines:  There  is  a  small,  but  growing  interest 
in  TIC  and  otner  48  channel  span  lines  for  rural  applications. 

The  following  are  interim  recommendations  on  the  selection  and  application 
of  these  systems.  The  use  of  48  channel  span  lines  should  be  based  on 
economics,  considering  the  present  and  long  term  communication  requirements. 
TIC  types  are  primarily  intended  for  new  cable  application;  and  the  other 
48  channel  types  are  intended  for  retrofit  applications  to  existing  cables. 
Limited  information  is  available  on  the  application  of  TIC  and  other  48 
channel  span  lines  at  this  time.  Thus,  the  brief  information  and 
recommendations  outlined  here  must  be  supplemented  by  manufacturer's 
descriptive  information,  application  guidelines  and  specifications. 

7.7.1  TIC  Type  Span  Lines:  The  most  significant  economic  impact  of 

TIC  applications  is  likely  to  be  the  installation  of  new  cables, 
especially  where  existing  cables  can  support  growth  using  Tl  equipment 
types  or  other  alternatives.  A  route  by  route  study  should  be  made. 
Advanced  planning  will  be  necessary  for  the  installation  of  new  cables. 
TIC  type  systems  may  be  justified  on  trunk  routes  interfacing  a  connecting 
company,  out  not  necessarily  on  all  trunk  routes  within  a  system. 
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7.7.1.1  REA  is  developing  limited  specifications  and  guidelines  for 
TIC  screened  cables,  equipment  and  application.  The  primary 

cable  specification  need  is  for  improved  near  end  crosstalk  isolation 
across  the  screen,  and  to  impose  some  attenuation  limits  at  1.576  MHz. 
Screened  cables  for  TIC  application  require  about  20  dB  additional  near 
end  crosstalk  isolation  over  screened  cables  for  Tl  applications. 

7.7.1.2  TIC  and  Tl  systems  are  designed  for  essentially  the  same 
maximum  repeater  spacing  length.  Assuming  that  the  TIC 

crosstalk  requirements  are  met,  a  system  carefully  designed  for  Tl 
repeater  spacing  will  usually  meet  TIC  application  limits  also.  The 
TIC  maximum  design  section  loss  is  54  dB  at  1.576  MHz  for  the  worst  pair 
at  the  highest  temperature.  End  sections  are  designed  for  37  dB  maximum 
loss.  Because  cable  attenuation  characteristics  at  1.576  MHz  are  not  well 
established  at  this  time,  a  small  margin  of  safety  is  recommended  for 
TIC  repeater  spacing.  Cables  for  TIC  should  be  dedicated  to  digital 
carrier  service  only;  there  should  be  no  voice  frequency  switched  pairs 
in  the  same  cable.  Special  care  should  be  taken  in  the  routing  of  TIC 
cables  at  the  central  office  to  avoid  impulse  noise  coupling  into  TIC 
cable  pairs. 

7.7.2  Other  48  Channel  Span  Lines;  Ternary  and  duobinary  encoded  48 
channel  span  lines  can  be  used  to  expand  the  capacity  of  some 
existing  routes  and  avoid  costly  new  cable  installations.  These  systems 
might  be  chosen  as  an  interim  measure,  or  may  be  planned  and  used  as  a 
long  term  solution  to  additional  circuit  requirements.  These  ternary 
and  duobinary  span  lines  are  designed  for  essentially  the  same  maximum 
repeater  spacing  as  for  Tl  systems.  A  system  designed  for  Tl  application 
on  a  conservation  basis  will  usually  be  satisfactory  as  a  retrofit 
application  for  a  ternary  or  duobinary  span  line.  However,  these  systems 
do  require  a  small  improvement  in  cable  transmission  requirements  (near 
end  crosstalk  and  attenuation),  as  compared  to  Tl  applications.  Since 
each  of  these  systems  are  unique,  specific  engineering  and  application 
requirements  should  be  established  in  consultation  with  the  manufacturer 
before  equipment  is  purchased  and  installed. 
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FIGURE  4 

DIGITAL  LINE  REPEATER 


A.  Line  Repeater 
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Notes:  1. 


2. 


A  typical  digital  line  repeater  consists  of  two  regenerators, 
power,  interrogation  and  protection. 

The  internal  power  supply  generally  consists  of  a  zener  diode 
and  filter  capacitor. 


3.  Protection  consists  of  (A)  high  voltage  gaps,  (B)  current 
limiting  and  (C)  low  voltage  protection. 

4.  A  third  vdnding  in  the  repeater  output  transformer  is  used 
for  the  interrogation  of  each  repeater. 

5.  A  typical  regenerator  ccaisists  of  an  autortHtic  line  build 
out  (ALBO)  network,  equalizer  and  aitplifier  to  boost  and 
reshape  the  inccardng  signal.  This  is  followed  by  a  threshold 
detector  and  a  balanced  regenerator.  A  clock  extracts  pulses 
for  precise  timing  and  a  peak  detector  feedback  loop  controls 
the  anplifi cation  and  equalization. 
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I 1  Fl,  F2/  and  F3  are  voice  frequency  filters. 


FIGURE  7 
INTERROGATION  PUI5ES 


A.  Positive  and  Negative  Trios 

WW  I'l  I'l  I'l  I'l  V  VVV  I'l  I'l  — 

B.  Positive  Trios  and  Alternate  Bipolar 

WVVi'i'i'i'WWi'i'  — 

C.  Negative  Trios  and  Alternate  Bipolar 

I'l  I'l  I'l  I'l 'i 'i 'i 'i  I'l  I'l  I'l  iVi 'i  — 


FIGURE  8 

FILTERED  USTTEFtROGATION  PUI5ES 


A.  Pulse  Stream  (Trios) 

W Positive   >J^ Negative 


V  V  V  V  i'l  i'l  i'l  i'l  'i'  'i'  - 


B.  Filtered  Pulses 
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FIGURE  11 

ALTERNATE  BIPOLAR  PULSES 
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NOTE:   Example  of  50  percent  duty  alternate  bipolar  pulses  at  a 
DSXl  interface  (equipnent  output) . 


FIGURE  12 

SYSTEM  ERROl  RATE 

\-^ Span 
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NOTES:   1.  The  overall  maximum  error  ob-jective  for  digital  systens 
is  10-6. 

2.  Span  line  engineering  guidelines  are  based  en  a  maximum 
error  rate  of  3  x  10"  for  each  span,  based  on  the 
assunption  of  a  iriaximum  of  three  spans  in  tandem. 


FIGURE  13 

SPAN  LINE  ERROR   RATE 


NOIE:   One-third  of  the  span  line  error  rate  is  assigned  to  each 

end  section,  and  the  remaining  one-third  is  assigned  to  the 
remainder  of  the  span  line. 


FIGURE  14 
CRCSSTAIK  CDUPLING 


Reo.  X 


System  1 


Systan  2 
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FIGURE  15 
STANfDARD  DEVI  ATI  QJ 


m-s>f 


Mean 


Lover 


This  is  the 
area  of  concern 


One  Standard 
Deviation 


One  Standard 
Deviation 
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^)TE:   For  digital  span  line  desiqn,  the  statistical  cable  crasstalk 

characteristics  at  772  kHz  are  expressed  as  "mean"  (arithmetic  aver- 
age )  and  "mean  minus  one  standard  deviation"  (m-s) .  Only  16 
percent  o^^  the  individual  values  would  be  expected  to  fall  below 
the  calcvilated  m-s  value. 


FIGURE  16 


EXAMPLES  OF  CABLE  CONSTOUCTION  (NON  SCREENED) 


12  Pair 


(13  Pair  Similar) 


25  Pair 


(L8  Pair  Similar) 


50  Pair 


75  Pair 


100  Pair 


100  Pair 


150  Pair 


200  Pair 


300  Pair 


NOTE:   Larger  cables  are  made  up  of  units  conposed  of  12,  13,  25  or  50  pairs  as 
shown  above. 


FIGURE  17 


EX;\MPLES  OF  SCREENED  CABLE  OONSTRUCTION 

12-25  Pair 
(25  Pair  Shown) 


50  Pair 


100  Pair 


75  Pair 


200  Pair 


150  Pair 


300  Pair 
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12-25  Pair 
Units 


NO^:  Screened  cables  are  qenerally  constructed  in  syrmetrical  halves.   Cbnsecutive 
unit  and  pair  numbers  are  maintained  on  each  side  of  the  screen. 


FIGURE  18 

CABLE  I^T^ERNAL  SCREENS  AND  SHIELDS 


T  Screen 


B.  Extended  T  Screen 


C.  D  Screen 


D.  Dual  D  Screen 


E.   Super  T  Screen 


NOTE; 

A,  B  and  C  are  longrounded 
screens;  shields  are  separate 
and  grounded.  D  and  E  are 
integrated  shields  and  screens 
which  are  grounded. 


FIGURE  19 

SELECTION  OF  CABLE  PAIRS  AND  UNITS 

A.   25  Pair  B.   5p_Pair: 


C .  Larger  Cables 


D.  Screened  Cables 


NOTES:  Cable  pairs  should  be  selected  for  maximum 
NEXT  isolation  between  transmit  and  receive 
pairs.   Screened  cables  are  preferred  (D) 
or  non  adjacent  units  in  larger  cables  (C) . 
Adjacent  unit  pairs  (B)  offer  seme  improve- 
ment over  pairs  within  the  same  unit  (A) . 


v~v 


FIGURE  20 

NEAR  EM)  CROSSTALK  LOSS  AT  772  kHz 

Cable  or  Unit  Size 


Pairs 

Within 
Unit 

Pairs  in 
Adjacent 
Units 

Pairs  in 
Non  Adjacent 
Units 


6,  8  or  9  Pair  Unit 
12  or  13  Pair  Unit 
18  or  25  Pair  Unit 

8,  9,  12  or  13  Pair'  Units 
25  Pair  Units 


8,  9,  12,  13  or 
25  Pair  Units 


NEXT;  m-s  (dB) 


19  Ga 

22  Ga 

24  Ga 

26  Ga 

55 

57 

58 

59 

57 

59 

60 

61 

61 

63 

64 

65 

66 

68 

69 

70 

67 

69 

70 

71 

82 


84 


85 


86 


m 


NOTES:   1.  The  near  end  crosstalk  values  cited  are  typical  values  at 

772  kHz  for  filled  core  and  air  core  plastic  insulated  con- 
ductor cables  in  ccmmon  use  (0.083  yF/mile)  . 

2.  m-s  =  MEAN  VALUE  minus  ONE  STMimRD  DEVIATION  of  the  mean  near 
end  crosstalk  in  dB. 

3.  Cable  pairs  should  be  assigned  to  provide  the  maximum  isolation 
between  transmit  and  receive  directions  of  transmission  if 
possible.  If  cable  makeup  is  unknown,  use  the  worse  case  condition 
to  determine  the  maximum  repeater  spacing. 
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FIGURE  21 


MAXIMUM  LOSS  CHART  FO^  ONE  CABLE  OPERATION 
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NOTE:  The  maximum  loss  in  dB  for  one  cable  operation  is  determined  by  the  maximum 
number  of  systems  (n)  to  be  applied  (ultimate  quantities)  and  the  NEXT 
determined  f  rem  Figure  20 . 
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FIGURE  22 

CABLE  ENGINEERING  LOSS 

DATA  AT  772  kHz 

m 

A.  Cable  Loss  in  dB/Kilofeet  at  772  kHz 

Cable 

Cable 

Reference     Buried  Cable     Aerial  Cable 

Construction 

Gauge 

(55^)        (IOOOf) 

(140Of) 

Filled  Core 

19 
22 
24 
26 

2.94          3.09 
3.99          4.19 
4.92          5.17 
6.30          6.59 

3.23 
4.37 
5.39 
6.86 

Air  Core 

19 
22 

3.18          3.32 
4.39          4.58 

3.43 
4.75 

J 

24 
26 

5.58          5.72 
7.48          7.66 

5.87 
7.82 

B.  Cable  Length 

in  Kilofeet  for  23  dB  and  33.5  dB 

Loss 

Cable 

Cable 

Buried  Cable  (100°F) 

Aerial 

Cable  (140°F) 

Construction 

Gauge 

23  dB       33.5  dB 

23  dB 

33.5  dB 

Filled  Core 

19 

7.4        10.8 

7.1 

10.4 

22 

5.5         8.0 

5.3 

7.7 

24 

4.4         6.5 

4.3 

6.2 

% 

26 

3.5         5.1 

3.4 

4.9 

Air  Core 

19 

6.9        10.1 

6.7 

10.0 

22 

5.0         7.3 

4.8 

7.1 

24 

4.0         5.9 

3.9 

5.7 

26 

3.0         4.4 

2.9 

4.3 

NOTE:   The  engineering 

loss 

values  cited  are  typical  values 

at  772  kHz  for 

filled 

core  and 

air 

cxDre  plastic  insulated  conducrtor  cables  in  mrrnon 

use  (0, 

.083 

yF/mi 

le). 

Refer  to  manufacturer' 

s  data  for  more  precise              I 

values 

and 

for  other 

cable  types. 

•) 


FIGURE  23 
ROUTE  JUNCTIONS 

A.   Ideal  Solution 
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When  a  repeater  is  located 
at  the  junction,  sections 
A- J,  B-J  and  C-J  are  in- 
dependent of  each  other. 


B.  Direct  Service  Fran 
One  Location 
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Junction 
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ff 
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Sections  B^T  and  C-J  should 
be  nearly  equal  (in  dB) . 
Section  A- J  is  a  separate 
consideration. 


C.  Direct  Service  Between 
All  Locations 
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km 


Junction 
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4Yfr 
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Sections  A- J,  B-^T  and  C-J 
should  all  be  nearly  equal 
(in  dB) . 


FIGURE  24 

SPAN  PaVER  ODNSIDERATTONS 


A.  Equivalent  Resistance  of  Equipment  in  Ohms 


Span  Terminating  lAiit/With  Fewer 
Span  Terminating  UnitA^ithout  Power 
Line  Repeater 


60  mA  100  mA  140  mA 


500 

300 

214 

200 

140 

100 

158 

100 

75 

B.  Cable  Simplex  Loop  Resistance  in  Ohms  Per  Kilofeet 


Gauge 

100°F 

140°F 

19 

8.4 

9.2 

22 

16.8 

18.3 

24 

26.8 

29.2 

26 

42.6 

46.7 

# 


Equivalent  Resistance  in  Ohms 

(Supply  Voltage  Divided  by  Line  Current) 


Volts 


60  mA 


100  mA 


140  mA 


48 

800 

480 

343 

130 

2167 

1300 

929 

178 

2967 

1780 

1271 

260 

4333 

2600 

1857 

308 

5133 

3080 

2200 

NOTE:  The  resistance  values  shown  are  representative  values  for  discussion 
purposes  and  for  estimating  span  power  requirements.  A  final  deter- 
mination should  be  made  based  en  the  specific  manufacturer's  equipment 
fran  that  manufacturer's  published  charts. 


*U.S.  GOVERNMENT  PRINTING  OFFICE: 


j-0-38 1 -227/REA-2065 


• 


% 


# 


»S^«je    oo. 


ULroSITOK 


AUG  2  7  1990 


■'■"ITY  Of    iLLfNOIS 
\NA-CHAIVIPAIGN 


Rural  Electrification  Administration 
Telecommunications  Engineering  and  Construction  Manual 


Section  961 
Issue  No.  1 
June  1990 


APPLICATION  GUIDE  FOR  DIGITAL  LIGHTWAVE 

TRANSMISSION  SYSTEM  SPECIFICATIONS 

REA  FORM  397h 

CONTENTS 


1 .  GENERAL 

2.  PLANNING  LIGHTWAVE  SYSTEM  PURCHASES 

3.  FORM  397h,  PART  I 

4.  FORM  397h,  PART  II 

5.  FORM  397h,  PART  III 

6.  FORM  397h,  PART  IV 


•) 


1 .  GENERAL 

1.1  This   section  provides  REA  borrowers,   consulting  engineers,   optical 
cable  and  lightwave  terminal  equipment  manufacturers  and  sellers  with 

information  concerning  the  use  of  REA  Form  397h,  REA  Design  Specifications 
for  Digital  Lightwave  Transmission  Systems. 

1.2  Form  397h  is  arranged  to  accommodate  terminal  equipment  purchases  for 
either  completely  new  systems  or  for  additions  to  existing  systems. 

Since  other  procedures  and  contract  forms  are  already  available  for  the 
purpose.  Form  397h  is  not  intended  for  the  purchase  of  optical  cable. 

1.3  To  provide  some  flexibility  in  procurement  and  still  ensure  that  the 
composite  system  constructed  will  be  completely  responsive  and  compliant 

with  the  requirements,  all  potential  suppliers  must  be  familiar  with  the 
overall  project.   Form  397h  with  addenda  serves  this  purpose. 

1.4  Much  of  the  information  supplied  by  Form  397h  can  be  completed  by 
itemizing  quantities  in  blanks  provided  or  by  checking  off  appropriate 

blocks  in  the  form.  In  general,  every  line  item  of  Form  397h  should  be 
filled  in.  When  information  requested  is  not  directly  applicable,  the  entry 
N/A  for  "not  applicable"  should  be  made.  When  the  requested  information  has 
not  been  established,  the  entry  N/K  for  "not  known"  should  be  made, 

1.5  Various  examples  are  given  in  this  TE&CM  section  to  clarify  entering 
requested  data. 

1.6  REA  TE&CM  971  should  be  referred  to  for  definitions  of  lightwave  terms. 

1.7  Provision  is  made  in  Form  397h  for  Specification  Addenda  to  be  included 
by  both  the  Purchaser  and  the  Seller  in  appropriate  sections.    In 

preparing  Form  397h,  both  the  Purchaser  and  the  Seller  should  carefully 
review  their  presentations  in  these  addenda  for  clarity  and  completeness. 

1.8  Form  397h  and  all  addenda  became  a  part  of  the  contract  specifications. 
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2.  PLANNING  LIGHTWAVE  SYSTEM  PURCHASES 

2.1  There   may   be   a   number   of   technically   satisfactory   alternative 
configurations  possible  in  most  lightwave  transmission  systems    AU 

reasonable  alternatives  should  be  considered.  systems.    All 

2.2  Although  the  primary  objectives  are  technical  adequacy.   long  term 
maintainability,  transmission  capacity,  and  initial  cost,  less  obvious 

b^^Tc^nJitrtion.^"'^^^^^  °^  ^^^  ''   ^^^  --^—  ^-^^^^^-  ^^onl^   als: 

2.3  Any   lightwave    transmission   facility   represents    a   substantial 
Th.-  ^^^^^"-^^^^^  capacity  along  the  entire  length  of  the  optical  fibers 
This  additional  capacity  may  find  subsequent  use  for  new  service  points" 
either  along  this  length  or  beyond  the  initial  termination  point. 

2.4  When  possible,   and  if  no  significant  cost  escalation  is   involved 

system  designs  should  provide  such  flexibility  of  use  even  if  the 

additional  service  points  may  not  be  definable  at  the  time  of  initial 
construction.  -Luxcxctx 

3.  FORM  397h.  PART  I 

^■^  l^^'^i^'l  id^^tifies  the  company  and  the  REA  Project  Number  for  which 
the  lightwave  system  is  required.  In  addition,  this  item  provides  an 
entry  blank  to  clearly  identify  the  major  system  components  to  be  provided  by 
the  contract.  An  X  or  check  mark  should  be  placed  in  the  appropriate 
space(s).  Note  that  an  entry  might  be  appropriate  in  only  one  spJc'e  'or  in 
both  spaces.  f         ,    ^'-    -lh 

3.1.1  Item  1^3  identifies  the  type  of  contract.  An  entry  should  be  made 
PT.A  r  i"  ^^  xf"  -f  """^  ^°''  ^^  Contract  Form  397  (furnish  and  install)  or 
both  hi  T'  ^°/,\398  (furnish  only).  There  are  no  conditions  under  which 
both  blocks  would  be  checked.  If  a  procurement  involves  furnish  only  for  one 
Item  °f  equipment  and  furnish  and  install  for  a  different  item,  a  separate 
Form  397h  should  be  filled  out  to  cover  the  two  different  procurements. 

3.1.2  Item  1.4.1   A  Purchaser's  narrative  should  always  be  included    Such 
a  narrative  may  be  quite  brief  for  less  complex  contracts  but  a  good 

narrative  will  always  help  simplify  a  contract. 

3.1.3  Item  1.4  2   The  Purchaser's  Specifications  always  include  REA  Form 
397h   and   any   attached   addenda   and   may   also   include   other 

specifications  by  reference.  All  items  of  equipment  specified  in  Part  III  of 
REA  Form  397h  and  attached  addenda  are  to  be  included  in  the  Seller's  basic 
proposal  unless  specifically  stated  otherwise.   Where  a  complete  system  is 

tZltlt^'"^\^V^''T  ^.^^'^^^^^^  f°^  component  elements,  each  such  separate 
contract  must  be  identified  in  a  separate  REA  Form  397h  with  appropriate 
addenda  attached.  FF^^F^J-di-e 

3.1.4  Item  1.4.3    The  Seller's  Proposal.  Part  IV  of  REA  Form  397h  and 
attached  addenda  should  contain  all  the  information  which  might  be 

considered  to  be  useful  or  essential  in  evaluating  the  proposal.    Unless 


• 


• 
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specifically  noted  otherwise  by  the  Seller  in  Part  IV  of  REA  Form  397h  (3. 
Seller's  Exceptions  to  Specifications),  the  Seller's  equipment  and  proposal 
shall  be  assumed  to  meet  all  of  the  Purchaser's  Specifications.  A  Form  397h 
is  incomplete  without  a  Part  IV  completed  by  the  Seller. 

3.1.5  Item  1.4.4   defines  the  Seller's  responsibilities  under  a  Form  397h 
procurement . 

3.1.6  Item  1.4.5   A  Seller's  Narrative  should  always  be  included.   Such  a 
narrative  may  be  quite  brief  for  less  complex  contracts  but  a  good 

narrative  will  always  help  simplify  a  contract. 

3.2  Item  2.4   If  any  additional  documentation  other  than  that  described  in 
Item  2.4  is  required,  an  entry  in  the  space  provided  is  required.   If  no 
additional  documentation  is  required,  enter  "None  Required". 

3.2.1  Item  2.6   An  entry  is  required  denoting  the  number  of  employees  to  be 
trained.   If  no  training  is  required,  enter  "None  Required". 

3.2.2  Item  2.7   Any  unusual  restrictions  on  work  hours  should  be  entered  in 
the   space  provided.     If  there   are  no   restrictions,   enter   "No 

Restrictions" . 


3.3  Item  3.1  If  the  complexity  of  the  project  requires  it,  separate 
Part  III  presentations  (with  or  without  separate  addenda)  may  be 
included.  If  so,  a  brief  notation  and  identification  of  each  Part  III  should 
be  entered  in  the  space  provided.  If  only  one  Part  III  is  presented,  enter 
N/A  for  "Not  Applicable". 

3.3.1  Item  3.4.3  An  entry  is  required  in  one  of  the  spaces  provided. 

3.3.2  Item  3.4.4   An  entry  is  required  in  one  of  the  spaces  required.   The 
category  "to  be  supplied  by  others"  is  intended  to  cover  situations 

where  housings  are  installed  under  a  separate  contract.  If  an  entry  is  made 
under  this  last  category,  a  brief  clarifying  reference  should  be  included  in 
Part  III  of  REA  Form  397h. 

3.3.3  Item  3.4.5  An  entry  is  required  in  one  of  the  spaces  provided. 

4.  FORM  397h,  PART  II 

4.1  Items  1.  2.  3.  and  4  All  items  in  Part  II  are  self-explanatory. 

5.  FORM  397h,  PART  III 

5.1  Item  1.1   identifies  the  company  and  the  REA  Project  Number  for  which 
the  lightwave  system  is  required. 

5.1.1   Item  1.2   Every  line  item  in  Part  III  of  Form  397h  is  preceded  by  an 

empty  space.   An  entry  is  required  in  this  space  whenever  no  specific 

information  entry  has  been  made  in  the  various  blocks  listed  in  that  line 

item.   The  space  preceding  the  line  item  should  be  marked  N/A  if  the  item  in 
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its  entirety  is  not  applicable,  or  N/K  if  the  information  requested  is  not 
known . 

Example  1:   Item  2.2.3  is  given  as  2.2.3  Optical  Data  Rate  (Mb/s) .   If 

the  contract  were  for  a  system  where  the  Optical  Data  Rate  is  known  to  be  45 
Mb/s,  an  entry  of  45  should  be  made  under  the  appropriate  link  column.  If 
the  Optical  Data  Rate  has  not  been  determined,  N/K  (not  known)  should  be 
placed  in  the  space  preceding  the  item,  i.e.,  N/K  2.2.3  Optical  Data  Rate 
(Mb/s) 

Example  2:   Item  2.5.2  is  given  as  2.5.2  Number  of  Jackfield  Access. 

If  the  contract  were  for  additional  plug- in  equipment  units  to  expand  an 
existing  system,  where  the  Jackfield  was  already  in  place  and  wired,  or  if 
the  contract  were  for  optical  terminal  equipment  only,  N/A  (not  applicable) 
should  be  placed  in  the  space  preceding  the  line  item  number,  i.e.,  N/A  2.5.2 
Number  of  Jackfield  Accesses. 

5.2  Item  2.1  identifies  by  number  from  one  to  four  individual  links,  and 
by  name  or  other  designation,  each  individual  terminal  end  of  each  link. 
The  nomenclature  used  here  should  agree  with  any  other  references  in  trunking 
diagrams,  narratives,  etc.  If  only  one  link  is  involved,  enter  N/A  in  Links 
2,  3,  and  4.   If  two  links  are  involved,  enter  N/A  in  Links  3  and  4,  etc. 

5.2.1  Item  2.2.1    Enter  total  cable  route  lengths  in  the  appropriate 
spaces.  If  the  contract  is  for  equipment  additions  to  an  existing 

installation,  enter  N/A  in  the  space  preceding  the  line  item  number. 

5.2.2  Item  2.2.2    Indicate  fiber  type  by  an  X  or  check  mark  in  the 
appropriate  spaces.   If  this  contract  is  for  equipment  additions  to  an 

existing  installation,  enter  N/A  in  the  space  preceding  the  line  item  number. 

5.2.3  Item  2.2.3   Enter  the  optical  data  rate  if  known  or  enter  N/K  if  not 
known.   (See  paragraph  5.1.1,  Example  1.) 

5.2.4  Item  2.2.4   Enter  the  operating  wavelength  for  each  link  if  it  is 
known.  For  example,  if  the  operating  wavelength  for  Link  1  is  1310  nm, 

enter  1310  nm  in  the  first  column.  If  the  operating  wavelength  has  not  been 
determined,  enter  N/K  (not  known)  in  the  appropriate  space  or  spaces.  If 
this  contract  is  for  equipment  additions  to  an  existing  installation,  enter 
N/A  in  the  space  preceding  the  line  item  number. 

5.2.5  Item  2.2.5   Enter  the  figure  for  fiber  loss  as  dB/km  at  the  operating 
wavelength.   If  the  fiber  loss  has  not  been  determined,  enter  N/K  in 

the  appropriate  space  or  spaces.  If  this  contract  is  for  equipment  additions 
to  an  existing  installation,  enter  N/A  in  the  space  preceding  the  line  item 
number . 

5.2.6  Item  2.2.6   Indicate  the  type  of  splicing  for  each  link  by  an  X  or 
check  mark  in  the  appropriate  spaces.    If  this  contract  is  for 

equipment  additions  to  an  existing  installation,  enter  N/A  in  the  space 
preceding  the  line  item  number.  Note:  The  response  required  applies  to 
interconnecting  cable   splices   only  and   is  not   intended  to  cover  any 
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incidental  optical  fiber  connec 
locations. 


tors  which  might  be  employed  at  terminal 


5  2.7  Item  2.2.7  Enter  the  number  (estimated  if  necessary)  of  fiber 
splices  that  will  be  required  in  any  one  fiber  in  any  one  link.  This 
information  is  intended  as  applications  engineering  data,  therefore,  the 
splice  count  should  be  for  any  single  fiber  in  each  link,  not  for  the  total 
number  of  splices  multiplied  by  the  total  number  of  fibers.  If  system 
engineering  has  not  established  (or  estimated)  the  number  of  splices 
required,  enter  N/K  for  not  known  in  the  appropriate  link  spaces.  If  this 
contract  is  for  equipment  additions  to  an  existing  installation,  enter  N/A  in 
the  space  preceding  the  line  item  number. 

5.2„8  Item  2.2.8  Indicate  the  number  of  optical  fibers  assigned  for 
primary  service  and  protection  switching  service  by  entering  a  number 
in  the  appropriate  spaces.  For  example,  if,  in  a  4  fiber  cable,  2  fibers  are 
for  primary  service  and  2  fibers  are  utilized  as  a  protection  switched 
redundant  facility,  the  number  2  would  be  entered  on  both  the  first  and 
second  lines  for  the  appropriate  link.  If  no  protection  switching  is 
provided  but  two  independent  transmission  systems,  each  using  2  fibers,  are 
configured  in  parallel  with  traffic  divided  between  them,  the  number  4  should 
be  entered  on  the  first  line  indicating  4  fibers  are  assigned  to  primary 
service.  Unassigned  (dark)  fibers  are  all  fibers  not  equipped  with  terminal 
equipment.  If  this  contract  is  for  equipment  additions  to  an  existing 
installation,  enter  N/A  in  the  space  preceding  the  line  item  number. 


5.3  Item  2.3.1 


Enter  the  number  of  new  intermediate  repeater  equipment 
involved.  This  entry  is  for  new  repeater  equipment,  not  individual 
repeater  locations.  If  this  contract  is  for  digital  terminal  equipment 
additions  to  an  existing  installation  only,  enter  N/A  in  the  space  preceding 
the  line  item  number  because  no  new  repeater  equipment  would  be  required. 

5.3,1  Item  2.3.2  Enter  the  number  of  new  intermediate  repeater  locations 
involved.  This  entry  is  for  new  repeater  locations  required,  not  for 
individual  repeater  equipment.  If  this  contract  is  for  digital  terminal 
equipment  additions  to  an  existing  installation  only,  enter  N/A  in  the  space 
preceding  the  line  item  number  because  no  new  repeater  locations  would  be 
required. 


5.3.2   Item  2.3.3 


Indicate  the  number  and  type  of  repeater  housings 
required  in  the  appropriate  space  or  spaces.  If  this  contract  is  for 
equipment  additions  to  an  existing  installation,  enter  N/A  in  the  space 
preceding  the  line  item  number. 


5.4  Item  2.4.1 


Indicate  the  type  of  light  source  required  by  entering  an  X 
or  check  mark.  If  this  contract  is  for  digital  multiplex  equipment 
additions  to  an  existing  installation,  enter  N/A  in  the  space  preceding  the 
line  item  number.  If  the  type  of  light  source  to  be  supplied  has  not  been 
decided  upon,  enter  N/K  (not  known)  in  the  space  preceding  the  line  item 
number . 

5.4.1   Item  2.4.2   Indicate  the  type  of  detector  required  by  entering  an  X 
or  check  mark.   If  this  contract  is  for  digital  multiplex  equipment 
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additions  to  an  existing  installation,  enter  N/A  in  the  space  preceding  the 
line  item  number.  If  the  type  of  detector  to  be  supplied  has  not  been 
decided  upon,  enter  N/K  (not  known)  in  the  space  preceding  the  line  item 
number. 

5-5  Item 2.5.1    Indicate  in  the  spaces  provided  the  number  of  working 

digital  interfaces  to  be  provided  by  this  contract  for  each  terminal 
location.  Note:  It  is  possible  that  one  terminal  end  of  a  link  may  provide 
digital  interfaces  that  are  not  the  same  as  the  other  terminal  end  of  the 
link.  For  example,  this  might  be  the  case  at  a  drop  and  insert  intermediate 
location  where  some  digital  signals  pass  through  the  terminal  at  a  higher 
digital  rate  and  others  terminate  at  a  lower  rate  at  that  same  point.  It  is 
also  possible  that  two  different  entries  may  be  necessary  for  a  single 
terminal.  For  example,  one  interface  may  be  at  DSX3  for  through  service  at 
an  intermediate  location  and  a  second  entry  may  be  for  several  DSXl 
interfaces  for  terminal  service  at  that  same  location.  If  this  contract  is 
for  lightwave  terminal  equipment  only,  enter  N/A  in  the  space  preceding  the 
line  item  number.  If  this  contract  is  for  digital  equipment  additions  to  an 
existing  installation,  enter  the  number  of  new  digital  interfaces  to  be 
provided  in  this  contract  not  the  total  number  that  will  be  available  after 
this  particular  addition  is  completed. 

5.5.1  Item  2.5.2  Indicate  in  the  spaces  provided  the  number  of  jackfield 
accesses  to  be  provided  by  this  contract  for  each  terminal  location 
and  for  each  data  rate.  Note:  It  is  possible  that  one  terminal  end  of  a 
link  may  require  different  access  at  different  digital  interface  rates  than 
the  other  end  of  that  same  link.  The  entry  required  is  for  the  number  of  new 
jackfield  access  points  to  be  provided  at  each  terminal  end  for  each 
different  digital  rate.  If  this  contract  is  for  lightwave  terminal  equipment 
only,  enter  N/A  in  the  space  preceding  the  line  item  number.  If  this 
contract  is  for  digital  equipment  additions  to  an  existing  installation, 
enter  the  number  of  new  jackfield  access  points  to  be  provided  in  this 
contract  not  the  total  number  that  will  be  available  after  this  particular 
addition  is  completed. 

5.6  Items  3.1  through  3.20  All  item  are  self-explanatory. 

6.  FORM  397h,  PART  IV 

6.1  All  items  in  Part  IV  of  Form  397h  are  self-explanatory. 
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1 .   GENERAL 

1.1  This  section  provides  REA  borrowers,  consulting  engineers,  contractors, 
and   other   interested   parties   with   an   introduction   to   lightwave 

transmission  principles. 

1.2  Although  this  section  provides  detailed  descriptions  of  many  lightwave 
terms  and  concepts,  it  is  recommended  that  the  reader  refer  to  TE&CM 

Section  971,  "Lightwave  Terminology",  for  definitions  of  any  unfamiliar  terms. 
Additional  TESeCM  sections  in  the  970  series  discuss  various  other  aspects  of 
lightwave  transmission. 

1.3  SONET,  SYNTRAN  and  "Fiber  to  the  Home"  are  not  discussed  in  this 
section. 


2.   ADVANTAGES  OF  LIGHTWAVE  TRANSMISSION 

2.1  Light  has  been  used  as  a  communications  medium  for  many  years.   Examples 

are  Paul  Revere 's  lanterns,  lighthouses,  and  ships'  semaphore  signaling. 

However,  it  has  only  been  in  recent  years  with  the  advent  of  optical  fibers 

that  lightwave  communications  has  begun  to  reach  its  ultimate  potential.   The 
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sending  of  information  via  light  rays  over  thin  fibers  of  glass  at  high  speeds 
is  called  fiber  optic  or  lightwave  transmission. 

2.2  There  are  many  advantages  in  using  fiber  rather  than  the  traditional 
twisted  copper  pairs.  These  include  larger  bandwidth,  less  signal  loss 
over  longer  distances,  immunity  from  lightning  strikes,  no  electromagnetic  or 
radio  frequency  interference,  lighter  weight,  smaller  size,  and  increased 
transmission  security.  These  benefits  are  described  further  in  the  following 
paragraphs . 

2.2.1  Fiber  is  capable  of  providing  more  than  100  times  the  bandwidth  of 
copper  pairs.   The  bandwidth  is  presently  limited  only  by  the  bit  rate 

of  the  terminal  equipment  not  by  the  fiber  itself. 

2.2.2  The  low  attenuation  of  fiber  permits  relatively  long  nonrepeatered 
links  as  opposed  to  equivalent  length  copper  cable  systems  which  would 

require  many  repeaters  and  inherent  additional  cost  and  maintenance. 

2.2.3  Since  light,  rather  than  electricity,  is  used  to  transmit  information, 
neither   lightning   nor   ground  potential   differences   affect   the 

transmission.   (The  use  of  fiber  cables  with  metallic  shields  and  strength 
members,  however,  may  affect  protection  considerations.) 

2.2.4  The  small  size  and  weight  of  optical  fibers  are  generally  advantageous 
in  ease  and  economics  of  installation,  for  example,  where  duct  space 

is  at  a  premium  and  for  longer  unspliced  plowing  runs. 


2.2.5   Since  no   signal  radiation  is  produced  by  optical 
increased  security  is  provided  by  lightwave  systems. 


transmission. 


2.3  Table  1  summarizes  the  benefits  of  fiber  relative  to  copper, 
assumes  the  use  of  all  dielectric  fiberoptic  cable. 

Table  1 


The  table 


Benefits  of  Fiber  Over  Copper 


Benefit 

RFI/EMI/Noise  Immunity 

Total  Electrical  Isolation 

High  Transmission  Security 

No  Crosstalk 

No  Spark/Fire  Hazard 

High  EMP  Immunity 

No  Short  Circuit  Loading 

Small  Size 

Light  Weight 


Copper 

No 
No 
No 
No 
No 
No 
No 
No 
No 


Fiber 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 


3.   INTRODUCTION  TO  LIGHT  AND  LIGHTWAVE  SYSTEMS 


3.1 


In  common 
spectrum. 


usage,  light  is  the  visible  portion  of  the  electromagnetic 
In  general,  this  covers  the  range  of  wavelengths  from  400  to 
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700  nanometers  (nm) .  When  used  in  the  field  of  fiber  optic  communications, 
the  lightwave  spectrum  is  generally  considered  to  be  any  wavelength  within  the 
range  of  600  to  1800  nanometers.   This  is  illustrated  in  Figure  1. 

3.2  In  lightwave  transmission,  energy  within  this  spectriom  is  coupled  into 
an  optical  fiber.   After  propagating  through  the  fiber,  the  energy  is 

detected  at  the  far  end.  For  voice  and  data  transmission,  the  lightwave 
energy  is  normally  modulated  by  intelligence  using  digital  techniques.  Digital 
techniques  are  also  used  to  recover  the  intelligence  at  the  receive  end  of  the 
fiber  optic  link. 

3.3  A  lightwave  transmission  system  generally  consists  of  a  modulated  signal 
source  (transmitter)  which  inserts  the  lightwave  energy  at  one  end  of 

the  fiber  link  and  an  optical  detector  (receiver)  and  demodulator  which 
receives  the  transmitted  signal  at  the  far  end  of  the  link  and  restores  the 
applied  intelligence  to  its  original  form.  Figure  2  illustrates  this  basic 
arrangement . 

3.4  As  with  any  transmission  system,  the  lightwave  signal  is  subject  to 
transmission  losses  and  distortion  as  it  propagates  through  the  optical 

fiber.   This  will  be  described  in  detail  in  later  paragraphs. 

4.   BASIC  OPTICAL  PRINCIPLES 

4.1  The  following  paragraphs  discuss  various  aspects  of  the  propagation  of 
light  as  well  as  various  properties  of  optical  fiber.   Although  single 

mode  fiber  has  largely  replaced  multimode  as  the  facility  of  choice  in 
telephony,  multimode  fiber  and  its  characteristics  are  discussed  to  provide  a 
complete  description  of  ^the  topic  of  lightwave  transmission. 

4.2  An  optical  fiber  consists  of  a  central  core  of  silica  glass  surrounded 
by  another  layer  of  glass,  called  the  cladding,  which  has  properties 

different  from  the  core.  In  particular,  the  refractive  indices  of  the  core 
and  the  cladding  are  different.  The  refractive  index  of  a  material  is  defined 
as  the  ratio  of  the  speed  of  light  in  a  vacuum  to  the  speed  of  light  in  the 
medium  for  which  the  index  is  defined. 


4.3  Figure  3a  illustrates  the  propagation  of  light  through  an  optical  fiber. 
Figure  3b  shows  the  critical  angle  0^,  which  is  defined  as  the  minimum 

incidence  angle  for  which  total  reflection  occurs  within  the  optical  fiber. 
Therefore,  any  light  ray  striking  the  core-cladding  interface  at  an  angle 
greater  than  B-^,  will  be  totally  reflected  into  the  core  as  shown  in  Figure  3a. 

4.3.1  The  critical  angle  is  trigonometrically  defined  as  the  angle  whose 
sine  is  the  ratio  of  the  refractive  index  of  the  cladding  (n2)  to  the 
refractive  index  of  the  core  (n-^)    [sin  6^,  -  n2/n]^]  . 

4.4  The  Numerical  Aperture  (N.  A.)  defines  the  angle  (6^)  of  light  rays 
entering  the  fiber  which  will  be  totally  reflected  in  the  core.   This 

angle  is  commonly  called  the  acceptance  angle.  Trigonometrically,  the 
Numerical  Aperture  is  defined  as  the  sine  of  the  incident  angle  at  the  fiber 
boundary  which  will  produce  total  reflection  at  the  core -cladding  interface. 
See  Figure  3a.   Mathematically,  the  N.  A.  is  equal  to  the  square  root  of  the 
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difference  of  the  squares  of  the  refractive  indices  of  the  core  and  the 
cladding,  i.  e.,  N.  A.  =  (n^^  .  ^^^^\/l 

4.5  As  an  example,   assume  an  optical  fiber  consists  of  a  core  whose 
refractive  index  (n]^)  is  1.60  and  a  cladding  with  a  refractive  index 

(n2)  of  1.54.  (These  numbers  are  arbitrary  and  used  for  illustration  only.) 
Using  the  previously  defined  formula,  N.  A.  =  (nj^  -  n2  )  -^  =  0.43.  Since 
the  acceptance  angle  (6^)  is  the  angle  whose  sine  is  N.  A. ,  0^  in  this  example 
is  approximately  26°.  In  other  words,  any  light  ray  striking  the  end  of  the 
fiber  at  an  angle  between  0°  and  26°  around  the  optical  axis  will  be  totally 
reflected  at  the  core  -cladding  interface  as  shown  in  Figure  3.  In  addition, 
for  this  same  fiber  the  critical  angle  6^,  can  be  calculated  as  approximately 
74°  (e^  -  sin"-"-  n2/ni). 

4.6  When  light  is  coupled  into  an  optical  fiber,  some  light  rays  travel 
along  the  optical  axis  whereas  others  are  reflected  at  the  core -cladding 

boundary  as  shown  in  Figure  3a.  Other  rays  are  absorbed  by  the  cladding. 
These  paths  are  generally  determined  by  the  Numerical  Aperture  and  the 
critical  angle  as  discussed  in  previous  paragraphs .  Each  path  that  a  light 
ray  takes  while  traveling  through  an  optical  fiber  is  termed  a  propagation 
mode.  The  reflected  modes  which  travel  a  farther  distance  than  those 
propagated  along  the  axis  take  longer  to  traverse  the  fiber  length. 

4.7  In  order  to  place  intelligence  onto  the  light,   the  beam  of  light 
entering  the  optical  fiber  is  modulated.   For  illustrative  purposes,  the 

simple  modulation  technique  of  turning  the  light  source  on  and  off  will  be 
discussed.  At  the  source  all  of  the  light  rays  (modes)  are  turned  off  and  on 
at  the  same  time.  However,  since  different  modes  of  light  take  longer  to 
travel  from  one  end  of  the  fiber  to  the  other,  each  mode  is  sensed  at  the 
receiver  at  a  different  time.  Therefore,  an  "on"  pulse  of  duration  X 
transmitted  by  the  source  will  have  a  longer  duration  as  received  at  the  far 
end.  This  pulse  broadening  is  a  form  of  distortion  commonly  known  as  modal 
dispersion.   Figure  4  shows  a  simplistic  view  of  modal  dispersion. 

4.8  In  a  lightwave  transmission  system  the  presence  of  modal  dispersion 
makes  the  error- free  detection  of  pulses  more  difficult.   The  received 

pulses  are  not  only  broadened  but  also  distorted  and  rounded  off.  Figure  5 
illustrates  the  effects  of  modal  dispersion.  The  undistorted  transmitted 
pulses  are  shown  on  the  left  side  of  Figure  5.  It  can  be  seen  that  it  would 
be  rather  simple  to  detect  the  pulses  even  if  the  bit  rate  were  relatively 
high.  The  right  side  of  the  figure  shows  the  effect  of  modal  dispersion  on 
the  bit  stream.  It  can  be  readily  seen  that  it  is  much  more  difficult  to 
determine  whether  a  pulse  exists  or  not  because  of  the  overlapping  of  pulses. 
This  phenomenon  is  known  as  intersjrmbol  interference  and  causes  higher  pulse 
detection  errors  resulting  in  a  higher  bit  error  rate  (BER) . 

4.9  The  effect  of  modal  dispersion  is  more  pronounced  as  the  transmission 
distance  increases.   Additionally,  higher  transmission  rates  produce  an 

increased  modal  dispersion.   Figure  6  illustrates  this  problem. 

4.10  Various  factors  associated  with  the  fabrication  and  characteristics  of 
optical  fibers  produce  attenuation  of  the  light  as  it  propagates 

through  the  fiber.   Any  impurities  in  the  fiber  will  tend  to  absorb  the  light. 
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Additionally,  the  reflection  of  light  at  the  core -cladding  boundary  is  not 
total.  A  certain  amount  of  the  light  is  absorbed  by  the  cladding.  The  amount 
absorbed  is  dependent  upon  the  angle  of  incidence  with  the  boundary.  The 
amount  absorbed  increases  as  the  critical  angle  is  approached.  This 
absorption  produces  attenuation  of  the  light  signal. 

4.11  Physical  irregularities  in  the  optical  fiber  cause  light  to  be  absorbed 
and  scattered  also  producing  attenuation.   These  irregularities  can  be 

small  or  large  bends  or  cracks.  These  problems  can  be  minimized  by  special 
care  during  manufacture  and  by  careful  handling  during  installation. 

4.12  The  attenuation   (A)   of  light   in  an  optical   fiber  is  wavelength 
dependent  and  can  be  calculated  as  follows: 

A  (dB)  =  -10  log  Po/Pi 

where  Pq  =  output  power  at  the  operating  wavelength  and 
P^  =  input  power  at  the  operating  wavelength. 

4.13  Figure  7  illustrates  the  relationship  of  attenuation  and  wavelength. 
The  figure  shows  both  the  theoretical  and  practical  attenuation.   This 

attenuation  is  produced  by  the  scattering  of  light  caused  by  the  intrinsic 
structure  of  the  fiber.  The  practical  attenuation  shows  loss  peaks  at  certain 
frequencies  caused  by  light  absorption  by  impurities  in  the  fiber.  The  peaks 
are  exaggerated  for  illustrative  purposes.  Today's  fibers  are  much  less  prone 
to  impurities  than  those  of  earlier  years  and  the  attenuation  characteristics 
more  closely  resemble  the  theoretical  curve  shown  in  Figure  7 . 

4.14  The  attenuation  of  an  optical  fiber  is  most  often  specified  as  a  loss 
per  unit  length,  typically  dB  per  kilometer, 

5.0   CHARACTERISTICS  OF  OPTICAL  FIBERS 


5.1  Generally,   two  optical  fiber  types  are  available:   single  mode  and 
multimode.    In  today's  telecommunications  applications,   single  mode 

fiber  is  used  almost  exclusively.  However,  multimode  fiber  is  used 
extensively  in  data  communications. 

5.2  Multimode  fiber  has  been  manufactured  in  two  basic  forms:  step  index  and 
graded  index.   The  step  index  fiber  has  a  core  with  a  uniform  refractive 

index.  The  refractive  index  of  this  type  of  optical  fiber  changes  (steps) 
only  at  the  core -cladding  boundary.  As  previously  described,  many  modes  of 
light  are  propagated  through  a  step  index  multimode  fiber  producing  a 
significant  modal  dispersion. 

5.3  Modal  dispersion  can  be  reduced  through  the  use  of  graded  index  fiber. 
This  multimode  fiber  is  fabricated  with  a  core  whose  refractive  index 

decreases  radially  outward  from  the  optical  axis.  This  gradient  causes  light 
rays  to  be  bent  (refracted)  back  toward  the  axis  rather  than  being  reflected 
at  the  core-cladding  boundary.  This  refraction  allows  the  various  light  modes 
to  travel  shorter  distances  (with  correspondingly  shorter  travel  times)  than 
would  be  the  case  in  a  multimode  step  index  fiber.  Modal  dispersion  is  thus 
minimized. 


REA  TE&CM  970 
Page  6 


5.4  In  recent  years  a  more  conunon  method  of  reducing  modal  dispersion  has 
been  the  use  of  single  mode  fiber.   A  single  mode  fiber  Is  manufactured 

with  a  small  diameter  core.  This  construction  essentially  limits  the 
propagation  of  all  modes  except  the  one  traveling  along  the  optical  axis.  By 
definition,  a  single  mode  fiber  is  a  step  index  fiber  because  of  the  uniform 
refractive  index  of  the  core.  Since  only  a  single  mode  of  light  is  propagated 
in  a  single  mode  fiber,  modal  dispersion  is  seldom  a  factor. 

5.5  For  single  mode  fiber,  the  term  Numerical  Aperture  has  little  meaning 
since  the  only  rays  coupled  into  the  fiber  are  those  along  the  optical 

axis.  Mode  Field  Diameter  (MFD)  or  "spot  size"  is  used  to  define  the  cross - 
sectional  area  of  a  single  mode  fiber  which  is  available  to  efficiently  couple 
lightwave  energy  in  an  optical  fiber.  The  MFD  is  generally  somewhat  larger 
than  the  core  diameter.  In  fact,  approximately  30%  of  the  lightwave  energy  is 
propagated  longitudinally  through  the  cladding. 

5.6  Although  modal  dispersion  is  generally  not  a  problem  in  single  mode 
fibers,  other  types  of  dispersion  can  affect  lightwave  transmission. 

5.7  Waveguide  dispersion  occurs  as  a  result  of  lightwave  energy  propagating 
through  both  the  core  and  the  cladding  of  single  mode  fibers.  Since  the 

core  and  the  cladding  are  dissimilar  materials  with  different  refractive 
Indices,  light  travels  at  different  speeds  in  each  material  which  causes  a 
pulse  broadening  effect  (dispersion)  at  the  fiber  output.  Waveguide 
dispersion  is  wavelength  dependent  as  shown  in  Figure  8  which  Illustrates  a 
typical  curve  for  an  optical  fiber. 

5.8  Another  form  of  dispersion  occurs  because  different  wavelengths  of  light 
travel  at  different  speeds  even  through  a  material  with  a  constant 

refractive  index.  Although  single  mode  fiber  allows  only  one  mode  of 
propagation,  the  lightwave  energy  consists  of  a  range  of  wavelengths  since 
most  light  sources  radiate  a  band  of  wavelengths  around  a  center  wavelength. 
This  band  is  commonly  called  the  spectral  width  of  the  source.  The  fact  that 
these  various  wavelengths  travel  at  different  speeds  causes  a  broadening  of 
the  input  pulses  at  the  fiber  output.  This  phenomenon  is  known  as  material 
dispersion.  Figure  9  depicts  the  relationship  between  material  dispersion  and 
wavelength  for  a  tjrplcal  optical  fiber. 

5.9  Most  current  lightwave  transmission  systems  operate  at  1310  nm  or  1550 
nm  because  the  attenuation  at  these  wavelengths  are  relatively  low  as 

shown  in  Figure  7.  Generally,  especially  in  rural  applications,  attenuation 
is  the  limiting  factor  in  how  far  a  nonrepeatered  light  signal  can  be 
transmitted  through  a  single  mode  optical  fiber.  TEfieCM  Section  976, 
"Lightwave  System  Application  Guidelines",  details  the  method  for  designing 
lightwave  links.  The  attenuation  at  1550  nm  is  less  than  at  1310  nm.  It 
would,  therefore,  seem  possible  to  engineer  longer  links  at  the  longer 
wavelength.  This  is  true  to  a  point,  however,  wavelength  dispersion  can 
become  a  limiting  factor  at  longer  wavelengths. 

5.10  As  can  be  seen  from  Figure  9,  material  dispersion  is  approximately  zero 
at  1310  nm.   Since  the  information  carrying  capacity  (bandwidth)  of  the 

fiber  is  Inversely  proportional  to  the  dispersion,  the  bandwidth  becomes  very 
large  at  1310  nm.  On  the  other  hand,  at  1550  nm  the  material  dispersion  is 
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much  higher.  This  dispersion  can  be  reduced  by  using  a  laser  with  a  narrow 
spectral  width.   However,  such  lasers  are  quite  expensive. 

5.11  An  alternative  is  to  change  the  characteristics  of  the  fiber.   This  can 
be  done  because  the  chromatic  (wavelength)  dispersion  is  the  sum  of  the 

material  dispersion  and  the  waveguide  dispersion.  It  is  possible  for  these 
two  dispersions  to  be  opposite  in  sign  and  therefore  their  sum  can  be  less 
than  the  magnitude  of  either,  even  zero  at  1310  nm. 

5.12  Since  material  dispersion  is  dependent  on  the  chemical  characteristics 
of  the  glass  and  difficult  to  change,  the  waveguide  dispersion  is 

generally  altered  by  changing  the  fiber's  refractive  index.  To  make  1550  nm 
the  zero  dispersion  wavelength,  the  fiber  is  manufactured  such  that  the 
waveguide  dispersion  cancels  out  the  material  dispersion.  Such  fiber  is 
called  dispersion-shifted. 

5.13  Another  factor  which  roust  be  considered  in  lightwave  system  design  is 
the  cutoff  wavelength  which   is   related  to  both  attenuation  and 

dispersion.  In  actuality,  a  single  mode  fiber  can  support  a  second  mode  of 
light  at  shorter  wavelengths.  The  cutoff  wavelength  is  the  longest  wavelength 
at  which  the  second  mode  can  be  transmitted. 

5.14  Dispersion  can  be  greatly  increased  if  the  second  mode  is  transmitted 
since  modal  dispersion  becomes  a  factor.    The  single  mode  fiber 

actually  becomes  a  multimode  fiber  at  wavelengths  shorter  than  the  cutoff 
wavelength.  It  is,  therefore,  important  that  the  lightwave  system  operate  at 
a  wavelength  greater  than  the  cutoff  wavelength. 

5.15  The  cutoff  wavelength,  although  mostly  determined  by  the  fiber  design, 
can  be  greatly  affected  by  any  bends  in  the  fiber.    If  the  cutoff 

wavelength  is  too  low,  bends  may  cause  significant  extra  attenuation  at 
wavelengths  longer  than  1310  nm.  Therefore,  it  is  important  that  the  cutoff 
wavelength  be  long  enough,  e.g.,  1100  nm,  so  that  the  attenuation  at  1550  nm 
is  low.  If  this  is  the  case,  the  system  could  operate  at  either  1310  or  1550 
nm. 

6.0   BANDWIDTH  CONSIDERATIONS 


6.1  The  bandwidth  of  a  lightwave  transmission  system  is  defined  as  the  range 
of  frequencies  over  which  the  system  is  capable  of  transmitting  and 

receiving  data.  The  usable  bandwidth  is  more  tightly  defined  as  the  range  of 
frequencies  received  at  an  amplitude  no  less  than  3  dB  below  the  amplitude  of 
the  signal  at  the  center  of  the  bandwidth. 

6.2  Optical  fiber  specifications  may  list  the  usable  bandwidth  in  terms  of 
MHz  X  km.   However,  for  single  mode  fibers  it  is  more  useful  to  describe 

bandwidth  in  terms  of  dispersion,  i.e.,  picoseconds  per  nanometer-kilometer 
(ps/(nm  X  km) .  This  factor  describes  the  rise  time  of  a  light  pulse  which  has 
passed  through  one  kilometer  of  fiber. 

6.3  The  precise  relationship  between  bandwidth  and  dispersion  is  somewhat 
complex.     The   following   formula,   however,   gives   a   reasonable 

approximation . 
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Bandwidth   (MHz)   -  440  x  loV(D  X  LW  X  L) 

where : 

D  —  the  chromatic  dispersion  in 

picoseconds/(nm  x  km)  at  the  operating  wavelength 

LW  —  spectral  width  in  nm  of  the  source 
L  —  length  in  km  of  the  link 

6.4  It  can  be  seen  from  the  above  formula  that  the  bandwidth  is  inversely 
proportional  to  the  chromatic  dispersion,  the  spectral  width  and  the 

link  length.  That  is,  as  any  of  these  factors  increases  in  magnitude,  the 
usable  bandwidth  of  the  lightwave  system  decreases. 

6.5  As  an  example,  assume  that  a  system  exists  with  a  chromatic  dispersion 
of  3.5  ps/(nm  x  km)  and  a  spectral  width  of  2  nm.    Figure  10  shows 

graphs  depicting  the  usable  bandwidth  over  a  range  of  link  lengths  for  several 
values  of  chromatic  dispersion.  From  this  graph  it  can  be  seen  that  the 
usable  bandwidth  decreases  with  increasing  link  length.  However,  with  the 
dispersion  and  spectral  width  used  in  this  example,  at  a  link  length  of  100 
kilometers,  the  usable  bandwidth  exceeds  600  MHz. 

6.5.1  If  the  dispersion  in  this  example  were  increased  to  5.0  ps/(nm  x  km), 
the  usable  bandwidth  would  decrease  to  approximately  440  MHz.    An 
increase  to  10  ps/(nm  x  km)  decreases  the  bandwidth  to  about  220  MHz. 

6 . 6  Figure  11  illustrates  the  relationship  between  usable  bandwidth  and 
chromatic  dispersion.   As  the  dispersion  increases,  the  usable  bandwidth 

decreases .  The  graph  in  Figure  11  assumes  that  the  link  length  is  100  km  and 
the  spectral  width  is  2  nm. 

6.6.1  Increasing  the  spectral  width  in  the  previous  example  (D  =  3.5,  L  = 
100)  to  5  nanometers  would  cause  the  usable  bandwidth  to  be  decreased 
to  about  250  MHz.  An  increase  to  10  nm  decreases  the  bandwidth  to  about  125 
MHz, 


6.7  Figure  12   shows  the  relationship  between  the  spectral  width  of  the 
source  and  the  usable  bandwidth.   Similar  to  link  length  and  chromatic 

dispersion,  the  usable  bandwidth  decreases  with  increasing  spectral  width.  In 
Figure  12  a  link  length  of  100  km  and  chromatic  dispersions  of  3.5,  5,  and  10 
ps/(nm  X  km)  are  used. 

6.8  Although  in  theory  the  bandwidth  of  a  lightwave  system  is  approximately 
90%  of  its  optical  bit  rate,  for  practical  purposes  the  bandwidth  can  be 

assumed  to  be  equal  to  the  bit  rate. 

7.0   LIGHTWAVE  TRANSMISSION  SYSTEMS 

7.1  A  detailed  description  of   lightwave   transmission  systems   and   the 
components  of  which  they  are  made,  e.g.,  transmitters  and  receivers,  is 
contained  in  TE&CM  Section  974,  "Lightwave  Terminal  Equipment." 
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7.2  Lightwave  systems  currently  Accepted  and  Listed  by  REA  Include  systems 
with  optical  bit  rates  in  the  range  of  45  to  180  Mb/s ,   Systems  with 
lower  and  higher  rates  may  also  be  used  where  the  situation  warrants. 
Lightwave  transmission  systems  include  three  basic  types  as  described  below. 


an 


7.2.1  The  stand-alone  multiplexer  which  can  be  configured  either  as  _.. 
electrical  multiplexer  or  as  a  lightwave  transmission  system  simply  by 
providing  the  appropriate  cards . 

7^2.2  The  integral  multiplexer  which  interfaces  DSl,  DSIC  and  DS2  level 
inputs  and  multiplexes  them  into  one  or  more  DS3  lightwave  outputs. 

7.2.3  The  lightwave  transport  system  which  interfaces  one  or  more  DS3  inputs 
and  provides  one  or  more  DS3  lightwave  outputs.   With  this  tjrpe  of 
system  an  M13  stand-alone  multiplexer  is  required  to  interface  DSl  level 
signals. 
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Figure  1 
Lightwave  Spectrum 
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Figure  2 

Basic  Lightwave  Link 
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Light  Propagation  Through  Optical  Fiber 
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Figure  4 

Modal  Dispersion 
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Bit  Rate  Effect  on  Modal  Dispersion 
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Figure  7 
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Figure  9 
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Figure  11 
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